A Mixed Methods Study of the Impact on Self-Efficacy, Beliefs, and Mathematical Knowledge for Teaching Through Professional Development on Student Thinking by Sinquefield, Rhonda
  
A MIXED METHODS STUDY OF THE IMPACT OF SELF-EFFICACY, BELIEFS, AND 
MATHEMATICAL KNOWLEDGE FOR TEACHING THROUGH PROFESSIONAL 
DEVELOPMENT ON STUDENT THINKING 
 
 
Rhonda Faye Sinquefield 
 
 
A dissertation submitted to the faculty at the University of North Carolina at Chapel Hill in 
partial fulfillment of the requirements for the degree of EDD in the School of Education. 
 
 
 
 
 
Chapel Hill 
2016 
 
 
 
 
                         Approved by: 
                   Janice Anderson 
                   Susan Friel 
                   Micha Jeffries 
                   Rita O’Sullivan 
                   Lynda Stone 
         
 
 
	   ii	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2016 
Rhonda Faye Sinquefield 
ALL RIGHTS RESERVED 
  
	   iii	  
 
 
 
 
 
ABSTRACT 
Rhonda Faye Sinquefield: A Mixed Methods Study of the Impact on Self-Efficacy, Beliefs, and 
Mathematical Knowledge for Teaching Through Professional Development on Student Thinking 
(Under the direction of Janice Anderson) 
 The purpose of this mixed method study was to explore the relationship among self-
efficacy/beliefs, mathematical knowledge for teaching and student thinking. The study included 
20 teachers who took a survey comprised of the Self-Efficacy for Teaching Mathematics 
Instrument (McGee, 2012) as well as the Mathematics Beliefs Scale (Fennema, Carpenter, & 
Loef, 1990). From this group, five teachers participated in a study that included professional 
development and coaching on the use of student thinking to guide instructional decisions. These 
five were also interviewed to further explore their efficacy and beliefs regarding teaching 
mathematics.  
 In order to determine changes in classroom practice, observational data were collected  
using a Talk Moves Checklist (Chapin, O’Connor, & Anderson, 2009), the Levels of Engagement 
With Children’s Mathematical Thinking Scale (Franke, Carpenter, Levi, & Fennema, 2001), as 
well as the Math Talk Community Scale (Hufferd-Ackles, Fuson, & Sherin, 2004). These data 
were coded so that they were included with other quantitative data from the survey and some 
parts of the interview. All quantitative data were collected before professional development 
began and than again when the professional development ended.  
 Qualitative data collection came solely from the interviews. Recurring themes and ideas 
from the interviews were explored as they pertained to the research questions of the study.  
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 Data from the surveys did not show significant changes in teachers’ self-efficacy and 
beliefs as a result of participation in the professional development and coaching. However, other 
quantitative data as well as qualitative data did show changes in beliefs and classroom practice as 
a result of participation in the professional development and coaching portion of the study. 
Qualitative data also supported the idea that changes in practice, which were directly related to 
participation in professional development, occurred because of realized student success. 
 This study offers information related to changes in teachers’ beliefs and classroom 
practice when coaching follows professional development. In addition, this study provides 
insight into changes in teachers’ beliefs and classroom practice when teachers see their students 
being successful with information learned in professional development.  
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CHAPTER 1: INTRODUCTION 
 
Statement of the Problem 
 It has been well documented in research literature that self-efficacy for teaching 
mathematics matters in the classroom (Allinder, 1994; Bandura, 1986; Guskey, 1988; Henson, 
2001; Jerald, 2007; Stein & Wang, 1988; Tschannen-Moran & Woolfolk Hoy, 2007). Directly 
tied to teachers’ self-efficacy is their belief system. According to Pajares (1992), many teachers’ 
beliefs about teaching and learning come from their own experiences as students of mathematics. 
For this reason, belief systems are often static and very difficult to change. In fact, Handal & 
Herrigton (2003) suggest teaching practices will unlikely change without significant changes in 
teachers’ belief systems.  
 The Principle and Standards for School Mathematics (2000) document outlines the 
complexity of teaching mathematics well and discusses the intricacies of effective mathematics 
teaching. Teaching mathematics well, according to the standards, involves a deep knowledge and 
understanding of mathematics as well as a deep knowledge of children as mathematicians. Thus, 
it is not enough for teachers to be “good at math”. They must also have a well-developed 
knowledge of the challenges students will face with particular math concepts. They must be able 
to analyze student thinking to make curriculum judgments, respond to student questioning, and 
plan lessons according to where student learning is leading.  This requires teachers to draw on a 
profound knowledge base and be skillful and flexible in using a variety of assessment and 
pedagogical strategies. This type of knowledge goes well beyond what most elementary teachers 
experience in pre-service college mathematics courses and most certainly beyond how they 
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learned mathematics when they were in elementary school. Therefore, changing teacher belief 
systems and efficacy by developing their understanding and use of student thinking then 
continues as an important area of research. 
 There are other views on how to bring about changes in teacher belief systems. One view 
comes from the work of Guskey (1986) who presented a model for change that was predicated 
on the belief that “significant change in teachers’ beliefs and attitudes is likely to take place only 
after changes in student outcomes are evidenced” (p.7). This notion is not only tied to beliefs but 
also self-efficacy for teaching mathematics. His proposition was that teachers will alter their 
related beliefs when student success comes from an implemented instructional strategy. More 
research is needed to determine if the use of student thinking to guide instruction can show 
enough gains in student achievement to change teachers’ self-efficacy for and therefore beliefs 
and practices regarding mathematics teaching and learning.   
Rationale for the Study 
 Improving mathematics teaching and learning continues to be a concern for the United 
States for several reasons. Student performance still lags behind other nations on international 
assessments and there is a growing need to create a workforce with skills in science, mathematics 
and technology (Ball, 2008; Lips & McNeil, 2009).  To further this, Johnson (2011) states that 
mathematics is a crucial subject directly impacting job readiness and economic competitiveness. 
President Obama (2013) also weighed in on the importance of improving mathematics education 
in his State of the Union Address by pledging support for new initiatives aimed at better 
equipping graduates for jobs in the fields of science, mathematics, engineering and technology.  
 In an effort to bring about change in America’s mathematics classrooms, the Chief State 
School Officers and the National Governors Association Center for Best Practices developed a 
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new curriculum entitled Common Core Standards (Initiative, 2012). Implementation of the 
standards and consequently improvement in mathematics education was deemed dependent on 
the classroom teacher. Kevin Baird, Co-Founder and Chairman of the Common Core Institute, 
outlined the difficulty associated with this idea by stating,  
The biggest challenge coming from the Common Core Standards is not the content itself, 
it’s the notion of a learning target, or level of cognitive demand and critical thinking, 
attached to a content standard. These are overlays that demand changes in instructional 
practice. And, frankly, this change is revolutionary. It will cause a big change in how you 
do your job as a teacher (Achieve 3000, 2012, p.1). 
 These changes in instructional practice include the idea of using students’ thinking as a 
guide for instructional decision-making. The National Research Council (2001), called for 
teachers to engage in inquiry into student thinking. Several scholars in mathematics education 
confirm that knowledge of student thinking is a major aspect of pedagogical content knowledge 
for teaching mathematics (An, Kulm, & Wu, 2004; Ball, Thames & Phelps, 2008; Shulman, 
1986).  
Study Overview 
 This study builds on the research literature of other studies involving attending to student 
thinking to guide instruction (An, Kulm, & Wu, 2004; Ball, Thames, & Phelps, 2008; Carpenter, 
Fennema, Franke, Levi & Empson, 2015; Falkner, Levi & Carpenter, 1999; Fennema & Franke, 
1992). Specifically, this study will attempt to determine if professional development to increase 
mathematical knowledge about student thinking combined with coaching on attending to and 
understanding of students’ mathematical thinking affects teachers’ self-efficacy and beliefs about 
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the teaching and learning of mathematics. Additionally, the study will look for any relationship 
between student success and teacher changes in practices and beliefs.  
 
 
Figure 1.1: The cyclical interplay among MKT, student thinking and self-efficacy/beliefs. 
            Adapted from Susan Friel, Comps Defense Meeting, October 8, 2015 
 
Figure 1.1 illustrates this proposed interplay between mathematical knowledge for 
teaching (MKT), attending to student thinking, and teachers’ self-efficacy and beliefs about 
teaching mathematics. Through professional development in Cognitively Guided Instruction 
(CGI), teachers will introduce different types of story problems in their math instruction and 
incorporate “talk moves” to foster students’ sharing of their mathematical thinking. Job-
embedded coaching will accompany the professional development to provide feedback to 
teachers on using CGI problems, talk moves, and intentional attending to students’ strategies in 
order to shape instruction. 
Mathema.cal	  
Knowledge	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Teaching	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 An outside CGI consultant was used to provide both the professional development and 
the coaching components of the study. Teachers in the study consisted of a first grade team of 5 
teachers from the same urban elementary school.  It was the goal of the study to determine if 
teacher beliefs, instructional practices, and self-efficacy with respect to teaching mathematics, 
could be impacted by professional development on student thinking followed by job-embedded 
coaching. An additional goal was to determine if teachers’ experiencing student success in 
mathematics learning based on their increased knowledge and understanding of student thinking 
impacted the teachers’ efficacy, beliefs and practices regarding the teaching of mathematics.  
Significance of Study  
Ultimately, the goal of education is to support student learning. Teachers are at the heart 
of this goal. Guskey (1986) posited that the likelihood of change in beliefs and thus teacher 
behaviors is directly related to experienced successes in student outcomes. The work of 
Carpenter et.al (2015) on Cognitively Guided Instruction (CGI) highlights the importance of 
attending to student thinking to guide instructional decision-making and ultimately increase 
student achievement.  
In this study, attending to student thinking and its use to guide instruction has potential 
for shedding light on a teachers’ self-efficacy for teaching mathematics as student success is 
realized through the implementation of new instructional strategies. In addition, information 
regarding the changes in teachers’ beliefs and in instructional practices as a direct link to student 
success will also be explored.  
Research Questions 
 The following research questions guided this study: 
1) What are teacher comfort levels in the teaching of mathematics?  
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2) What is the likelihood of teachers’ attending to student thinking to shape their instruction 
if student success is realized?   
3) What role, if any, do self-efficacy and beliefs play in teachers’ use of student thinking to 
guide instruction?  
4) A. What role, if any, does professional development on attending to student thinking play 
in… 
A: increasing teachers’ use of student thinking for making instructional decisions? 
B: changing teachers’ beliefs and practices about mathematics instruction? 
C: increasing teacher efficacy about teaching mathematics? 
Definition of Key Terms 
 The terms listed in this section appear frequently throughout each chapter of this 
dissertation, particularly the literature review. The definitions given in this section are intended 
to aid the reader in better understanding the meaning of the terms as they relate to the study 
discussed in this document. 
1) Beliefs are mental constructions of experience, grouped into schemas, generally held 
to be true and guides behavior (Sigel, 1985).  Beliefs cover all of which we have no sure 
knowledge of but accept as true and are confident enough of to act upon (Dewey, 1933). 
2) Cognitively Guided Instruction (CGI) is a research-based professional development 
program based on decades of research that is focused on the following components: a) 
developing student mathematical thinking, b) instruction that supports student thinking, 
c) the knowledge and beliefs of teachers than influence their teaching practices, d) the 
way that a teacher’s knowledge, beliefs and practices are influenced by their knowledge 
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of students’ thinking, and e) how professional development can impact knowledge, 
beliefs and practices of teachers (Carpenter et.al, 2015). 
3) A Constructivist View of Mathematics is teacher’s orientation to see mathematics as 
an unfinished product with results open to revision. Teachers with this philosophy adhere 
to a problem-solving view of mathematics (Ernest, 1989).  
4) Job-embedded professional development is learning that is grounded in daily teaching 
practice and is designed to enhance and support teachers’ instructional practices related to 
content-specific teaching with the specific intent of improving student learning (Darling-
Hammond & McLaughlin, 1995).  
5) Mathematical Knowledge for Teaching (MKT) is subject-matter knowledge that 
includes common content knowledge (CCK) of mathematics but also specialized content 
knowledge (SCK) (math knowledge not used by the average adult but that which is 
unique to teaching mathematics) (Ball, Thames, & Phelps, 2008). 
6) Mathematics self-efficacy is a teacher’s confidence in their own ability to solve 
mathematical problems (Betz & Hackett, 1983). This term was later expanded to include 
not only the teacher’s own mathematical ability confidence but also confidence for 
teaching mathematics (Kranzler & Pajares, 1997).  
7) Pedagogical Content Knowledge (PCK) is a combination of knowledge that includes  
knowledge of content and students (KCS) and knowledge of content and teaching (KCT). 
This type of knowledge has to do with how subject-matter is made comprehensible to 
others (Ball, Thames, & Phelps, 2008).  
8) Self-Efficacy is the “belief in one’s capabilities to organize and execute the courses of 
action required to produce given attainments” (Bandura, 1997, p. 3).  
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9) Teaching efficacy is a teacher’s judgment of his/her own ability to promote desired 
outcomes of student learning (Tschannen-Moran & Woolfolk Hoy, 2007).  
Conclusion 
 This is a mixed-methods study organized in five chapters. Chapter 1 is an introduction to 
the study. This chapter provides a statement of the problem, rationale, study overview, 
significance of the study, research questions, and definitions of key terms. Chapter 2 presents an 
extensive literature review that addresses numerous topics associated with this study. Self-
efficacy and teacher efficacy in general are discussed as well as teacher efficacy in mathematics. 
Literature on teacher beliefs and practices is also included in Chapter 2. In addition, this chapter 
includes literature about the various types of knowledge (both content and pedagogical) held by 
teachers of mathematics. Chapter 2 ends with a look at the literature on student thinking as an 
avenue for guiding instructional decision-making. Chapter 3 explains the methodology of this 
study by identifying the participants, data collection instruments and procedures, as well as 
methods used to analyze collected data. Chapter 4 gives an analysis and results of the data. 
Finally, Chapter 5 presents a summary of the findings, conclusions drawn from the study, and 
recommendations for future research.     
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CHAPTER 2: LITERATURE REVIEW 
 
Introduction 
 For over four decades, research has been delving into what constitutes good teaching and 
how this teaching impacts instruction and student learning. As a result of perceived failures to 
various reform efforts, along with the call for a more skilled workforce that is strong in science, 
technology, and mathematics, researchers have taken a keen interest in mathematics instruction. 
The most recent mathematics curriculum reform brought about by Common Core State 
Standards (National Governors Association Center for Best Practices & Council of Chief State 
School Officers, 2010) requires teachers to possess greater skills than ever before. Progressive 
innovations such as this bring certain burdens and discomforts to the teaching situation because 
progressive approaches are more difficult to teach than traditional math approaches (Handal & 
Herrington, 2003).  
The “Teaching Principle” outlined in the Principles and Standards for School 
Mathematics (National Council of Teachers of Mathematics, 2000) specifies the scope of 
knowledge needed by teachers. This includes knowledge of mathematics, students, and math 
pedagogy. The complexity of what is needed to teach mathematics well is acknowledged in the 
Standards document. This complexity is one of the reasons researchers have struggled to reliably 
define and measure the types of knowledge needed by teachers to successfully teach elementary 
mathematics (Ball, 1991; Ernest, 1989; Henson, 2001; Shulman, 1986; Tschannen-Moran, 
Woolfolk Hoy, & Hoy, 1998). Despite this difficulty, research has tried to determine what 
qualities are associated with the most effective teachers of mathematics. The research suggests 
	   10	  
characteristics involving teacher efficacy and beliefs along with knowledge of math content, 
pedagogy and students provide the greatest insight into teacher practice (Ball, 1991; Ernest, 
1989; Shulman, 1986). 
This chapter provides a literature review that traces evolving research over the last four 
decades on self-efficacy and beliefs for teaching math, mathematical knowledge for teaching, 
and the use of student thinking on classroom practice. Teacher self-efficacy alone has well over a 
half million articles and mathematical knowledge for teaching has more than 2 million. To 
narrow the search only scholarly and peer reviewed journals, articles, and dissertations were 
considered along with some published books. Additionally, articles focusing on just pre-service 
teachers were weeded out for the most part.  Finally, articles related to teacher efficacy in other 
countries were limited in use since the focus of this study was teachers in the United States.  
To narrow the findings on self-efficacy and beliefs, mathematical knowledge for 
teaching, and the use of student thinking for instruction, key words were used during each 
search. For articles related to self-efficacy, key words such as self-efficacy, teacher beliefs and 
measurement instruments were used.  To narrow the search further, elementary mathematics was 
included. This brought the information into a more manageable collection for extensive reading 
on self-efficacy. To search for articles on mathematical knowledge for teaching, the key words of 
teacher knowledge and pedagogical content knowledge were used, again reducing the number of 
articles significantly. For student thinking, the key words of student thinking, elementary 
mathematics, and cognitively guided instruction were used. Narrowing the searches using the 
key words listed yielded a more narrowed and comprehensive list of research articles from which 
to pull.   
	   11	  
Articles used in this literature review came from numerous sources, however, a few 
specific journals proved to be exceptionally useful. The Elementary School Journal, the Journal 
for Research in Mathematics Education, the Handbook of Research in Mathematics and the 
Handbook of Research on Mathematics Teaching and Learning provided extensive collections 
related to the topics for this literature review. Math Solutions and Heinemann were most often 
the publishers for books found related to the topics for this review.  
After a broad reading on each topic, leading scholars began to emerge as authorities in 
their perspective fields. For example, Bandura, Woolfolk-Hoy, Tschannen-Moran and Pajares 
appeared to be leaders in the area of self-efficacy. Shulman and Ball emerged as leaders in the 
area of mathematical knowledge for teaching while Ernest and Ball arose as authorities in the 
area of pedagogical knowledge for teaching.  Finally, Carpenter, Fennema, Franke, Levi and 
Empson provided extensive publications on the use of student thinking as a guide for 
instructional decision-making. All the previously mentioned names were by no means the only 
ones cited in this literature review; however, they did provide a theoretical foundation for 
weeding through the plethora of information that was generated during the early stages of this 
study.  
Teacher Efficacy 
 To begin understanding teacher-efficacy one must understand its theoretical roots. 
Teacher efficacy is grounded in Bandura’s social learning theory. Social learning theory explains 
human behavior as a continuous reciprocal interaction between behavioral, personal (including 
cognitive, affective and biological processes), and environmental determinants (Bandura, 1977). 
These three forces mutually impact the human by determining what a person comes to believe 
about themselves, which therefore impacts the choices and actions they make (Henson, 2001). So 
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in theory people are not products of one determinant but rather the dynamic interplay between 
the internal, external, as well as current and past behavior.  
Central to Bandura’s work is the idea of self-efficacy, which he defined as “beliefs in 
one’s capabilities to organize and execute the courses of action required to produce given 
attainments” (Bandrua, 1997, p.3). Thus, human action, motivation and perseverance are guided 
by people’s beliefs in their efficacy. Self-efficacy then is a powerful predictor of behavior. The 
research suggests that the basic principles that frame Bandura’s self-efficacy work are very 
closely related to teacher efficacy.  
Teacher efficacy is described as a teacher’s judgment of their ability to promote desired 
outcomes of student learning (Henson, 2001; Hoy, 2000; Protheroe, 2008; Tschannen-Moran & 
Woolkfolk Hoy, 2007; Woolfolk Hoy & Burke-Spero, 2005). Building on the work of Bandura, 
a great deal of research has been spent on the concept of teacher efficacy and its affect on teacher 
behavior in the classroom. Bandura’s self-efficacy theory is supported by empirical evidence that 
found teachers’ behaviors are related to their self-efficacy beliefs (Tschannen-Moran & 
Woolfolk Hoy, 2007). However, one obstacle in research has been in identifying the sources of 
these beliefs because it is difficult to measure beliefs.  
Social Cognitive Theory 
In looking to Bandura’s (1986, 1977, 1997) social cognitive theory, four possible sources 
were proposed as sources for teacher belief systems: mastery experiences, verbal persuasion, 
vicarious experiences, and physiological arousal. According to Bandura (1997) mastery 
experiences are believed to be the most influential source of efficacy for teachers because it 
comes from actual teaching accomplishments. If the teacher perceives the teaching performance 
to be a success, then teaching efficacy is increased. On the other hand, if the teacher perceives 
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the teaching performance a failure, then teacher efficacy is lowered. Unfortunately, because of 
these perceptions, self-efficacy beliefs can become self-fulfilling prophecies validating either 
capacity or incapacity to teach effectively (Tschannen-Moran & Woolfolk Hoy, 2007). 
According to social cognitive theory, this happens because the proposed belief in one’s own 
ability is a driving force that influences motivation to act, extend effort, and persist in the face of 
setbacks (Bandura, 1977).    
According to Bandura (1986, 1977) verbal persuasion is another source of teacher 
efficacy. In schools, this might manifest itself in the form of professional development that touts 
persuasive claims of a topic’s usefulness (Tschannen-More & McMaster, 2009). Another form of 
verbal persuasion comes from feedback or encouragement from a colleague or supervisor 
designed to convince the teacher that they can implement a new strategy. Although verbal 
persuasion in isolation may not significantly boost self-efficacy, when combined with other 
sources it can prove beneficial in helping teachers expend more effort or persist when attempting 
to strengthen their teaching skills.  
Vicarious experiences as explained by Bandura (1997) help teachers analyze their own 
capabilities in relation to others. In this regard, the target skill is modeled by another teacher. 
These observations of a modeled performance impact self-efficacy beliefs in several ways. If the 
observer identifies with a model that performs well, then the observer’s self-efficacy is 
enhanced. On the other hand, if the observer does not identify with the model, then self-efficacy 
is often not enhanced even when witnessing competent performance (Tschannen-Moran & 
Woolfolk Hoy, 2007).  Similarly, if the observer sees a successful model, he or she may likely 
view the skill being modeled as manageable. This would increase the observer’s self-efficacy for 
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attempting the task. However, if the observer sees a failed attempt, then self-efficacy is 
negatively impacted because the task seems out of reach.   
Physiological experiences are another source of teacher self-efficacy. Bandura (1997) 
stated that people rely on information from physiological and emotional states when judging 
their own abilities. Arousal, as identified by an elevated heart rate or trembling hands can have 
debilitating effects on self-efficacy. Anxiety can cripple a teacher’s ability to even try a new 
strategy. However, these emotions are not always bad. Self-efficacy depends on whether the 
teacher sees the situation as a challenge or a threat. Tschannen-Moran and McMaster (2009) 
found that fear associated with these physiological and emotional stressors can be reduced if 
teachers are provided with support, encouragement and assistance.  
The sources of self-efficacy (as outlined by Bandura) for teaching have been extensively 
explored in research literature. Various studies over the last three decades have documented the 
impact of these sources in relation to helping or hurting teachers’ efficacy (Henson, 2001; 
Protheroe, 2008; Stein & Wang, 1988; Tschannen-Moran & McMaster, 2009; Tschannen-Moran 
& Woolfolk Hoy, 2007; Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998; Woolfolk Hoy & 
Burke-Spero, 2005).  
According to Jerald (2007), teachers with a high sense of efficacy tend to have greater 
organization and planning skills, are more likely to try new instructional methods, are more 
persistent during challenging times, and are less critical of student errors. Additionally, teachers 
with higher efficacy tend to experiment more with instructional methods and materials as well as 
seek out better teaching practices (Allinder, 1994; Guskey, 1988; Stein & Wang, 1988).  Henson 
(2001) also found that the students of more efficacious teachers outperform students in other 
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classes on standardized tests.  Compelling findings in almost every study indicated that teacher 
efficacy matters in the classroom.  
Self-Efficacy Instruments 
Obtaining acknowledgement by the research community that teacher efficacy matters has 
been much easier than developing a reliable and valid instrument to measure it. Specifically, the 
research of self-efficacy has struggled over the years due to debates over measuring self-efficacy 
in context and with construct validity (Henson, 2001). Over 30 years ago, the RAND corporation 
research brought the idea of measuring teacher efficacy to the forefront with two questions that 
led to powerful results (Protheroe, 2008). The RAND study was based on the theoretical 
framework of Rotter’s (1966) social learning theory.  The two questions in the study were 
constructed to determine whether a teacher believed that student motivation and learning were 
under the teacher’s control (Henson, 2001). This orientation for questioning guided the majority 
of teacher efficacy research throughout the 70s and 80s. However, concerns over construct 
validity and reliability with only two items led researchers to develop stronger instruments that 
included not only more questions but different types of questions aimed at getting to the heart of 
measuring teacher efficacy.  Table 2.1 provides a listing of self-efficacy instruments used in 
research over the last 40 years. When looking at the theoretical frameworks of these instruments 
it is clear that the earlier studies grew out of Rotter’s locus of control theory while later 
instruments were based on Bandura’s social cognitive theory.  
Most of the early instruments intermingled self-efficacy and internal-external locus of 
control. Yet there continued to be confusion over the best measure to use. Some researchers 
began using a combination of the different instruments, selecting particular items from various 
scales (Tschannen-Moran et al., 1998). In an attempt to develop a more valid and reliable scale,  
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Table 2.1  
Listing of Self-Efficacy Instruments 
Author Title Theoretical basis Sample Items 
Armor et al. (1976) 
Berman, McLaughlin,                                           
    Bass, Pauly,  
    and Zellman (1977) 
RAND study Rotter’s social learning  
     theory (locus of control 
     of reinforcement) 
If I try really hard, I can get through to even the most difficult 
or unmotivated students.  
Rose and Medway 
    (1981) 
 
Teacher Locus of 
Control (TLC) 
Questionnaire 
Rotter’s social learning  
     theory (locus of control 
     of reinforcement) 
When the grades of your students improve, it is more likely  
a. because you found ways to motivate the students, or 
b. because your students were trying harder to do well.  
Guskey  (1981) 
 
Responsibility 
     for Student 
     Achievement  
     (RSA) 
     questionnaire  
Rotter’s social learning  
     theory (locus of control 
     of reinforcement) 
If a student does well in your class, would if probably be 
a. because that student had the natural ability to do well, or 
b. because of the encouragement you offered. 
Ashton, Olejnik, 
    Crocker, and 
    McAuliffe (1982) 
 
Webb Efficacy Scale Rotter’s social learning  
     theory (locus of control 
     of reinforcement) 
a. A teacher should not be expected  to reach every child; 
some students are not going to make academic progress. 
b. Every child is reachable. It is a teacher’s obligation to see to 
it that every child makes academic progress. 
Circle 1: 
1. I agree mostly with “a”. 
2. I agree mostly with “b”. 
Ashton et al. (1982) 
 
Ashton Efficacy 
     Vignettes 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
One of your students misbehaves frequently in your class and 
is often disruptive and hostile. Today in class, he began 
roughhousing with a friend in the back of the class. You tell 
him firmly to take his seat and quiet down. He turns away 
from you, says something in a belligerent tone that you can’t 
hear and swaggers to his seat. The class laughs and then looks 
to see what you are going to do. How effective would you be 
in responding to this student in a way that would win the 
respect of the class? (Likert-type scale from l “extremely 
ineffective” to 7”extremely effective”). 
Betz and Hackett 
    (1983) 
 
Mathematics Self- 
    Efficacy Scale 
    (MSES) 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
Add two large numbers (e.g., 5,739 + 62,543) in your head. 
(Likert-type scale from 0 “no confidence at all” to 9 
“complete confidence”). 
Gibson and Dembo 
    (1984) 
 
Teacher Efficacy 
     Scale (TES) 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
When a student does better than usual, many times it is 
because I exert a little extra effort. (Likert-type scale from 1 
“strongly agree” to 6 “strongly disagree”). 
Riggs and Enochs 
    (1990) 
 
 
Science Teaching 
     Efficacy Belief 
     Instrument 
     (STEBI) 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
     with items taken from the TES 
When a student does better than usual in science, it is often 
because the teacher exerted a little extra effort. (Likert-type 
scale from “strongly agree” to “strongly disagree”). 
Bandura (1997) 
 
Teacher Self- 
     Efficacy Scale 
     (TSS) 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
How much can yo do to keep students on task on difficult 
assignments? (Likert-type scale from l “nothing” to 9 “a great 
deal”). 
Kranzler and Pajares 
    (1997) 
 
MSES-Revised 
     (MSES-R) 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
Same as the MSES with a Likerty-type scale from 1 to 5. 
Enochs, Smith, and 
    Huinker (2000) 
 
Mathematics 
     Teaching Efficacy 
     Belief Instrument 
     (MTEBI) 
The STEBI modified to be math- 
     specific. 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
     with items taken from the TES 
When a student does better than usual in mathematics, it is 
often because the teacher exerted a little extra effort. (Likert-
type scale from “strongly agree” to “strongly disagree”). 
Tschannen-Moran  
    and Woolfolk 
    Hoy (2001) 
 
Teacher’s Sense 
     of Efficacy Scale 
     (TSES) formerly 
     The Ohio State 
     TES 
Bandura’s theory of self-efficacy 
     from social cognitive theory 
     with Likert-type scale from  
     the TSS. 
How much can you do to get through to the most difficult 
students? (Likert-type scale from 1 “nothing” to 9 “a great 
deal”) 
Dellinger et al.  
    (2008) 
TEBS- Self Bandura’s theory of self-efficacy 
     from social cognitive theory 
Right now in my present teaching situation, the strength of  
my personal beliefs in my capabilities to….1. Plan activities 
that accommodate the range of individual differences among 
my students… (Likert-type scale from 1 “weak beliefs in my 
capabilities” to 4 “very strong beliefs in my capabilities”) 
 
        Adapted from McGee and Wang (2014).  
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Gibson and Dembo (1984) developed the Teacher Efficacy Scale (TES) which built on the 
RAND questions but used Bandura’s social learning theory of self-efficacy to interpret the  
results. Bandura (1997) followed this work with his own Teacher Self-Efficacy Scale. His work 
clarified the distinction between self-efficacy and locus of control with data showing that beliefs  
about producing a certain action (perceived self-efficacy) were not the same as beliefs about 
ability to affect outcomes (locus of control). He concluded that there is little to no empirical 
relationship between self-efficacy and locus of control. His findings showed that locus of control 
is a weak predictor of behavior, whereas perceived self-efficacy seems to be a strong predictor of 
behavior (Bandura, 1997). Thus, Bandura’s Teacher Self-Efficacy Scale (TSS) provided a more 
multifaceted picture of teachers’ beliefs encompassing efficacy in the classroom but in the 
greater school community as well. The teacher efficacy instruments continued to change even 
after the development of the Bandura instrument as illustrated in Table 2.1. To date, the most 
widely used and accepted scale for measuring general teacher self-efficacy is the Teacher’s 
Sense of Efficacy Scale (TSES) developed by Tschannen-Moran and Woolfolk Hoy (2007).   
Teacher Efficacy in Mathematics 
 Building on the work of Gibson and Dembo’s Teacher Efficacy Scale (TES) along with 
Bandura’s Teacher Self-Efficacy Scale (TSS), researchers began to look more closely into the 
idea that self-efficacy of teachers is not uniform across different tasks and subject-matter 
(McGee & Wang, 2014). Data suggested some inequalities in teacher efficaciousness with regard 
to teaching particular subjects (Tschannen-Moran et al., 1998). Thus, teacher efficacy came to be 
viewed as both context and subject-matter specific. To illustrate, a teacher may have high 
efficacy when teaching one subject or working with one particular student while at the same time 
demonstrating a lower efficacy with other subjects and students. 
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Teacher Efficacy Models 
Tschannen-Moran et al. (1998) proposed an integrated model to look at teacher efficacy 
that deals with the teaching task and its context but also the teacher’s self-perception of teaching 
competence. Their model takes a more cyclical approach to teacher efficacy as demonstrated in 
Figure 2.1. Analysis of the task looks at the importance of factors that make the specific teaching 
difficult or what the constraints of the task may be and weighs this against an assessment of 
available resources to facilitate learning. On the other hand, assessment of personal teaching 
competence looks at how the teacher judges their personal abilities such as knowledge, skills, 
strategies, or personality against personal weaknesses in a particular teaching context. Looking at 
these two components along with the teachers’ already established efficacy sources and cognitive 
processing leads to a measure of self-efficacy for the specific teaching task at hand (Tschannen-
Moran et al., 1998). Based on the consequences of teacher efficacy and the actual teaching 
experience (performance), new sources of efficacy are assimilated into existing efficacy.   
As the notion of self-efficacy being tied to specific contexts, situations, and content grew, so did 
the instruments for measuring content-specific efficacy (see Table 2.1). Again, these instruments 
were not without problems due to the continued inability of researchers to clearly define the 
constructs in literature (Pajares, 1997). 
The Mathematics Self-Efficacy Scale (MSES) was created to measure teachers’ 
mathematics self-efficacy. This scale developed by Betz and Hackett (1983) measures teachers’ 
confidence in their own ability to solve mathematical problems. This instrument was later 
revised by Kranzler and Pajares (1997) and became known as the Mathematics Self-Efficacy 
Scale-Revised (MSES-R). Although Pajares (1997) identified two constructs for teachers’ 
mathematical efficacy (self-efficacy with math content and self-efficacy for teaching math), 
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neither of these instruments reliably measured the second construct, self-efficacy for teaching 
math.    
Figure 2.1: The cyclical nature of teacher efficacy 
            Adapted from Tschannen-Moran, Woolfolk Hoy and Hoy (1998) 
 
The Mathematics Teaching Efficacy Beliefs Instrument (MTEBI) developed by Enochs, 
Smith and Huinker (2000) was created to specifically measure a teacher’s belief about his or her 
ability to teach mathematics (self-efficacy for teaching math). The MTEBI is the most widely 
used instrument that specifically looks at self-efficacy for teaching mathematics (Uswatte, 2013). 
While the MSES, MSES-R, and the MTEBI had provided a good starting point for looking at the 
self-efficacy of mathematics teaching, it is worth noting that all have had some issues with 
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validity and reliability. In fact, Swackhamer (2010) stated that even though context-specific 
teacher self-efficacy has been attempted, the measures currently in use are not completely valid. 
Although theoretical confusion continues regarding self-efficacy instruments and the work on 
validity of content- and context-specific instruments has slowed; the work for creating a viable 
instrument has not stopped.  
The Self-Efficacy for Teaching Mathematics Instrument (SETMI) (McGee, 2012) was 
developed in response to the need for a more valid and reliable measurement of mathematics 
teacher self-efficacy (McGee, 2012). The SETMI (McGee, 2012) aligns with Bandura’s social 
cognitive theory and further explores the complex nature surrounding teachers’ mathematical 
belief system. According to McGee and Wang (2014) the SETMI shows evidence of validity and 
reliability on two aspects of self-efficacy: Part 1 measures efficacy for pedagogy in mathematics 
(EPM) and Part 2 measures efficacy for teaching mathematical content (ETMC). The original 
instrument was revised to improve reliability. Both versions of the SETMI (McGee, 2012) were 
examined using Cronbach’s alpha and yielded reliability coefficients of .86 for EPM (on both 
version one and two) and .91 and .93 reliability for ETMC on version one and two respectively 
(McGee & Wang, 2014). 
Other limitations to current research studies regarding mathematics self-efficacy, deals 
with the audience with whom the studies are connected. The majority of the research deals with 
pre-service teachers. Further research on in-service teachers is needed to add to the body of 
literature for a more complete picture of elementary mathematics teachers’ efficacy.  In addition, 
obtaining a valid and reliable context/content-specific self-efficacy instrument in mathematics is 
also necessary. These are critical next steps since the literature currently available seems to 
overwhelmingly indicate that a teacher’s self-efficacy is important to student learning. 
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Beliefs About Teaching and Learning (Mathematics) 
 Teachers’ self-efficacy is tied directly to their belief systems. In mathematics this is an 
important idea since belief systems are thought to be “composed mainly of episodically-stored 
material derived from personal experience or from cultural or institutional sources of knowledge 
transmission” (Nespor 1987, p. 320). In other words, belief systems include specific memories of 
personal experience and feelings that are often not open to outside evaluation or examination. So 
many teachers’ beliefs about teaching and learning come from their own experiences as students 
of mathematics. For this reason, belief systems are often relatively static and less malleable than 
knowledge systems. This is further complicated by the emotional aspect associated with beliefs 
that determines rightness and wrongness (Pajares, 1992). Some research suggests that teaching 
practices will unlikely change without significant changes in teachers’ values and beliefs (Handal 
& Herrington, 2003).  
However, some research literature suggests that “belief systems are dynamic, permeable 
mental structures, susceptible to change in light of experience” (Thompson 1992, p. 140). Other 
research supports this notion of a dynamic interplay between knowledge and beliefs. Campbell 
and Malkus (2014) describe a model of looking at beliefs that combines both knowledge and 
beliefs along with classroom conditions and interactions as the impetus of instructional practices. 
The affective and emotional aspects of beliefs influence the ways in which memories are 
indexed, retrieved, reconstructed and recalled. These ideas about beliefs have important 
implications for teacher learning and how this learning is used. 
Philosophical Views on Beliefs 
The early work of Ernest (1989) found that there are three philosophical views (beliefs) 
about teaching mathematics that guide the work of mathematics teachers. These philosophies are 
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observable in mathematics classrooms. The first philosophy according to Ernest (1989) is the 
problem-solving view of mathematics. Teachers with this orientation see mathematics as an 
unfinished product with results open to revision. The second view, the Platonist view, sees math 
as static, with a unified body of knowledge, along with interconnected structures and truths. In 
this view, math is seen as a monolith, a static product, discovered, not created (Ernest, 1989). 
The final view, the instrumentalist view, sees math as a useful (but unrelated) collection of skills, 
rules, and facts. 
These philosophies of math can be seen in the various mathematics curriculum reform 
movements and have practical classroom outcomes. They can also be linked to the nature of 
mathematics constructs of absolutism and constructivism (Stemhagen, 2011). Absolute and 
constructivist views are closely related to the philosophical beliefs discussed by Ernest (1989). 
Absolutism is aligned with the Platonist and Instrumentalist philosophies mentioned previously 
while constructivism is aligned with the problem-solving view. Stemhagen’s (2011) study of 249 
elementary mathematics teachers looked at absolute versus constructivist philosophical teacher 
beliefs, pedagogical beliefs and reported practice.  Figures 2.2 and 2.3 from this study showed a 
direct correlation between philosophical beliefs, pedagogical beliefs, and reported practice 
regardless of belief orientations. This study presents strong support for the idea that classroom 
practice is directly tied to a teacher’s belief system. Another interesting result of the Stemhagen 
study was that elementary mathematics teachers (as a group) and teachers having undergone 
mathematics-specialist training identified more closely with a constructivist philosophy for 
teaching mathematics (Figure 2.3). It also found that the relationship between constructivist 
philosophy and constructivist teaching practices had the strongest relationship (r=.36) as shown 
in Figure 2.3. 
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Figure 2.2: Transmittal/Absolutist Relationship 
Adapted from Stemhagen (2011) 
 
Figure 2.3: Constructivist Relationships 
Adapted from Stemhagen (2011) 
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Challenges of Researching Beliefs 
 Few would disagree that the beliefs held by teachers influence their perceptions, 
judgments and ultimately classroom behavior, yet, as a global construct, the concept of belief 
does not lend itself very easily to empirical study (Pajares, 1992). For this reason, a clearly 
defined meaning of “belief” in research literature is necessary. The confusion is generally 
connected to the distinction between knowledge and beliefs. Pajares (1992) explained that 
unclear definitions of belief and knowledge have continued to make it difficult for researchers to 
determine where knowledge ends and belief begins. The work of Ernest (1989) has shed some 
light on this issue. His study showed that teachers with similar mathematical knowledge may 
teach in very different ways. Therefore, he concluded that the effect of beliefs is much more 
useful in predicting and understanding teacher decision-making than content knowledge (Ernest, 
1989). Ball (1991) expressed a similar belief. She found that teachers with similar amounts of 
knowledge often teach differently because of their beliefs about what represents effective 
mathematics instruction.  
A challenge to this line of thinking looks at knowledge and beliefs in another way. 
Pajares (1992) stated that teacher classroom behavior is a direct result of beliefs, filtered by 
experience, while knowledge represents an effort to make sense of experience. Therefore, 
according to Pajares (1992), knowledge, rather than belief, is the ultimate influence on teacher 
actions, thinking and decision-making. These two opposing views confirm the idea that the 
relationship between beliefs and classroom practice is both complex and dialectical (Handal and 
Herrington, 2003).  
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Mismatches Between Belief and Practice 
The complexity of defining belief constructs has led to a reported mismatch between 
teacher beliefs and actual classroom practice in some research.  Case studies in mathematics 
have shown great disparity between espoused models of teaching and learning as compared to 
the realized models of teaching practices (Brown, 1986; Cooney, 1985; Thompson, 1984). 
According to Ernest (1989) these mismatches occur for numerous reasons: depth of espoused 
beliefs, teachers’ consciousness of their beliefs, and social context. Often these mismatches in 
beliefs and action are the result of “weightier” beliefs in specific areas.  
Similarly, Handal and Herrington’s (2003) research specifically called into question 
espoused philosophy as compared to philosophy (beliefs) in use. In their study, teachers agreed 
philosophically with the principles laid out in the Principles and Standards for School 
Mathematics (NCTM, 2000) yet did not implement them. Teachers in their study accredited this 
mismatch to insufficient training and issues with behavior management. Leatham (2006) argued 
that mismatches between belief and practice were more likely the result of incorrectly assuming 
that teachers can articulate their beliefs, and that there exists a one-to-one correspondence 
between what a teacher says and the researcher’s interpretation of these utterances. Leatham’s 
theoretical framework opened the door for looking at teacher beliefs as complex interactions of 
various beliefs and contexts.  
Belief System Models 
Several models of mathematics teachers’ belief systems have been used to study the link 
between beliefs, attitudes, content knowledge, and instructional practice. The Sensible System 
Framework is a belief system model found in research. In this framework a clear distinction 
between belief and math knowledge is proposed. Belief is defined as things we “just believe” 
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whereas knowledge is defined as things we “more than believe- we know” (Leatham, 2006). One 
underlying assumption of this framework is “what one believes influences what one does” 
(Leatham, 2006, p. 92). The work of this study presents teachers as complex, sensible people 
who make instructional decisions based on a variety of reasons, including but not limited to their 
beliefs.  
Wilkins’ (2008) belief model in Figure 2.4 demonstrated that background knowledge and 
experiences come before content knowledge and attitudes. Content knowledge and attitudes 
come before instructional beliefs, which ultimately influence practice. In his research, Wilkins’ 
(2008) study of 481 in-service mathematics teachers found that beliefs have the strongest 
relationship to instructional practices and that they also serve as a mediator for attitudes 
Teacher	  
Background	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Attitudes
Content	  
Knowledge
Instructional	  
Beliefs
Instructional	  
Practice
Figure 2.4: Wilkins Theoretical Model Relating Content Knowledge, Attitudes, Instructional  
Beliefs and Practice  
Adapted from Stemhagen (2011)  
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and knowledge related to mathematics teaching and learning. Although the majority of teachers 
in the study had a match between their beliefs and classroom practice; beliefs and practice did 
not always align.  
Nearly all teachers reported a belief in the effectiveness of inquiry-based instructional 
methods; however, there was discrepancy in how many teachers were actually using inquiry-
based instructional practices. Of interest were the belief distinctions between grade bands. Upper 
elementary teachers (those teaching grades 3-5) showed greater mathematics content knowledge  
and a more positive attitude toward mathematics in general than primary (K-2) teachers. Yet 
upper elementary teachers’ instructional practices were categorized as traditional as opposed to 
inquiry-based. On the other hand, K-2 teachers, categorized as contemporary, had less content 
knowledge than the 3-5 teachers but were more likely to use inquiry-based instructional 
strategies and manipulatives.  
In the Wilkins (2008) study, a connection between content knowledge and beliefs was 
uncovered. Content knowledge had a negative effect on inquiry-based instructional practices. 
This was consistent with other literature that suggests teachers with strong content knowledge 
are more likely to use traditional teaching methods (Mewborn, 2001). A possible reason for this 
negative effect of content knowledge on inquiry teaching practices may have to do with the 
teachers’ belief system. Teachers who are successful in math believe in the effectiveness of the 
way they were taught. This could account for why the teachers with greater content knowledge 
used more traditional instructional methods (Wilkins, 2008). To further explain why greater 
content knowledge is associated with traditional teaching one would need to look at university 
math courses. Typically, mathematics courses at the university level are taught with a more 
	   28	  
traditional style. Thus, teachers with more of these classes would then have been exposed to 
more traditional teaching methods as models of good instruction.  
Stemhagen’s (2011) Sensible Web-of-Beliefs Model as illustrated in Figure 2.5 built on 
the work of Wilkins. Stemhagen’s model includes the tenet that beliefs do not correlate with 
practice in the mathematics classroom in the absence of an individual’s other beliefs. His model 
also accounts for perceived influences (external factors) that may potentially impact practice 
such as administration pressure to teach a particular way. The Web-of-Beliefs model accounts 
for the interrelationships of beliefs and influences that eventually affect practice.  It is important 
to note that this study specifically excluded teacher content knowledge to focus on the web of 
teacher beliefs.  
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Figure 2.5: The Sensible Web-of-Beliefs Model  
Adapted from Stemhagen (2011) 
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Stemhagen (2011) stated, “The single most obvious and important outcome of this study is 
support for the idea that beliefs do, in fact, seem to matter” (p. 9).  In his research, philosophical 
beliefs correlated with pedagogical beliefs as well as reported practice. His study also revealed 
that teachers’ view of the nature of mathematics was highly correlated with their pedagogical 
orientation. This philosophy was also fairly highly correlated with instructional practices. 
Although a correlation existed between pedagogical orientation and reported practices, the 
strength of the relationship was slightly weaker. 
Impact of Beliefs on Instruction 
The extent to which new curriculum movements take hold and transfer to instructional 
practice are directly linked to teachers’ philosophical beliefs and attitudes about teaching and 
learning mathematics. Ernest (1989) stated that the acquisition of a belief and thus model of 
teaching mathematics occur through models of instruction experienced and observed. 
Beswick (2007) confirmed this line of thinking by stating teachers’ experiences in 
mathematics teaching (actual teaching and observing peers) influence their beliefs regarding 
mathematics schooling and thought processes associated with performing mathematical tasks. 
Thus, a teacher’s attitude in teaching mathematics is a direct reaction to his or her experiences.  
In summary, teacher beliefs matter in the mathematics classroom and are powerful 
indicators of teacher behavior. The research literature suggests that beliefs formed early tend to 
perpetuate, even against contradictions based on time, reason, increased knowledge and 
additional experience (Pajares, 1992). Therefore, by the time a person gets to college, beliefs 
regarding teaching and learning are well established. Belief changes in adulthood are fairly rare 
(held even though they are based on incomplete or incorrect knowledge) even when presented 
with scientifically correct explanations. (Pajares,1992). An example of this was discussed in 
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Fancella’s (2010) review of instructional practices related to the implementation of Cognitively 
Guided Instruction (CGI) at three elementary schools. He stated that changes in teachers’ 
practice was noticed for a period of time but more often than not, teachers eventually went back 
to their original practice. This supports the idea that beliefs serve as a filter for how new 
knowledge is interpreted and ultimately acted upon (Pajares, 1992). Hence, beliefs and 
knowledge are inextricably intertwined and serve as a strong predictor of teacher behavior in the 
classroom.  
So What Does All This Mean? 
To sum it up, Pajares (1992) suggested that researchers often shy away from looking at 
teacher beliefs because of the messy constructs. This is due in part to the fact that the educational 
research community has not adopted a specific working definition for “beliefs” (Pajares, 1992). 
But definitions do exist in literature. Dewey (1933) stated that belief covers all of which we have 
no sure knowledge of but accept as true and are confident of to act upon. Along that same line, 
Sigel (1985) stated that beliefs are mental constructions of experience, grouped into schemas, 
generally held to be true and guides to behavior. According to Pajares, (1992) definitions such as 
these could be used to clear up and conceptualize key assumptions as well as develop precise 
construct meanings for researching the relationship between beliefs and mathematical practices. 
When the constructs of beliefs are correctly defined, assessed and investigated, beliefs can serve 
as the single most important construct of research in education.  
Mathematics Knowledge for Teaching (Subject-Matter Knowledge) 
Improving math education continues to dominate research (Ball, 2008; Hill, Rowan, & 
Ball, 2005; McGee & Wang, 2014). This research is of national concern due to the poor 
performance of American students on international standardized tests as compared to students 
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from various European and Asian countries (National Center for Educational Statistics [NCES], 
2010).  In addition there is a growing need for establishing a workforce with skills in 
mathematics, science and technology (Ball, 2008). If student mathematics achievement is a 
priority, then understanding the complex knowledge systems of the mathematics teacher is 
incredibly important (McGee & Wang, 2014). 
Much like other areas of research on teaching and learning, mathematical content 
knowledge is still in need of a clear definition.  Shulman’s (1986) work brought to light the 
“missing paradigm” in the research of the day – teacher knowledge of specific subject-matter 
content and how that knowledge impacts instruction (1986). He developed seven typologies or 
categories of teacher knowledge. The first four deal with general teacher knowledge and were 
not the focus of his work although he acknowledged that they were crucial for effective teaching. 
His main focus was on three specific categories: content knowledge, curricular knowledge, and 
pedagogical content knowledge (Ball, Thames, & Phelps,  2008). Shulman’s use of the 
pedagogical content knowledge referred to the kind of “content knowledge unique to teaching- a 
kind of subject-matter-specific professional knowledge” (Ball et al.,  2008, p. 389).  
 This notion of Shulman’s (1986) pedagogical content knowledge, continues to appeal to 
researchers because it attempts to bridge what is considered content knowledge and the art of 
teaching.  The difficulty with research regarding pedagogical content knowledge is that there is 
no clearly specified definition and has therefore led to a wide array of meanings and uses by 
researchers over the last two decades. Broad claims touting what teachers need to know have 
included a multitude of assumptions with little empirical evidence (Ball et al., 2008).  Without 
empirical data, the ideas remain merely assumptions and have limited impact on improving 
teaching and learning.  
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The research work that followed Shulman’s important initial work sought to more fully 
explore the special nature of subject-specific knowledge for teaching. Yet little progress had 
been made in developing a coherent framework for investigating content-specific knowledge for 
teaching (Ball et al., 2008).  The need for such a framework and a clearer definition was greatly 
needed in mathematics since very little research was looking at knowledge for mathematics 
teaching specifically.  
Ball et al. (2008) designed such a study focused on all the different elements needed to 
carry out the teaching of mathematics. They sought to determine exactly what knowledge is 
needed to support student learning in mathematics. Their research showed that the demands are 
substantial. Teachers’ knowledge for teaching needs to be multidimensional, in that, general 
mathematics knowledge will not suffice in meeting the demands of teaching even elementary 
mathematics. They found that teachers must know more mathematics, but also different 
mathematics than what is necessary for everyday functioning (Ball et al., 2008).  
In order to teach mathematics, teachers need to understand basic mathematical 
procedures, which is the mathematics needed by all adults in their everyday lives. However, 
teachers must also know why procedures work and why students make the errors they make in 
performing them (Ball et al., 2008). In addition, teachers must know how to choose appropriate 
representations and tasks that allow for generalizations in mathematics. They must be able to 
determine the validity of a student’s mathematical argument based on a deep understanding of 
mathematics. Therefore, mathematical knowledge for teaching demands much more than just 
being able to do math well (Ball, 2008; Ball, Thames, & Phelps, 2008; Shulman, 1986).  
In an effort to build upon, not replace, the construct of Shulman’s (1986) pedagogical 
content knowledge (PCK), Ball et al (2008) decided to categorize the different types of 
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mathematical knowledge so that distinctions could be made between mathematics content 
knowledge in general and mathematics knowledge for teaching.  Her model illustrates the 
various categories of knowledge that seem to be a part of the overall concept of mathematical 
knowledge for teaching (MKT). However, as noted in Figure 2.6, mathematical knowledge for 
teaching falls into two domains: subject matter knowledge and pedagogical content knowledge.  
It seems pertinent then, to analyze the literature with regard to both of these domains 
separately. This separation does not mean to suggest that these types of knowledge work 
independently of each other in the teaching situation. Rather, it serves as a means for thoroughly 
investigating the complexity of each specific type of knowledge teachers must possess for 
teaching and learning mathematics.   
In addition, due to the broad use of the term, mathematical  knowledge for teaching 
(MKT) in literature, it is often difficult to separate MKT and PCK.  For the purpose of this paper, 
Ball’s domain, subject-matter knowledge will be referred to as mathematical knowledge for 
teaching (MKT). The following sections will focus on two aspects of MKT listed in Figure 2.6 – 
common content knowledge (CCK) and specialized content knowledge (SCK). 
Common Content Knowledge (CCK) 
The most obvious type of knowledge needed by mathematics teachers is common content 
knowledge (CCK). Many research studies reveal that U.S. teachers (experienced, preservice, 
elementary, and secondary) have a very shallow conceptual understanding of mathematics. 
These studies have brought about public cries for “smarter” teachers. Teacher certification has 
also upped the ante on requirements by requiring content-specific exams such as the PRAXIS: 
Core Academic Skill for Educations: Mathematics (North Carolina Department of Public 
Instruction, 2015) to ensure teachers have adequate mathematic content knowledge. Yet, a closer  
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Figure 2.6: Domains of Mathematical Knowledge for Teaching  
           Adapted from Ball, Thames, and Phelps (2008) 
 
examination of released items from tests such as the PRAXIS indicates there is still a lack of 
agreement about what mathematics teachers need to know for teaching since the majority of the 
test problems are computational as opposed to knowledge use (Hill, Schilling, & Ball, 2004).  
Thus, the questions remains; “What level of content knowledge is needed in order to 
effectively teach classroom mathematics?” This question seems to confound researchers, policy 
makers, and educational leaders alike. A research study by Monk (1994) revealed that advanced 
studies in mathematics (beyond five courses) contribute very little to teacher effectiveness. 
Therefore, simply counting the number of mathematics courses taken would not determine if a 
teacher possesses the necessary skills to teach students mathematics. A Hill, Rowan, and Ball 
(2005) study of 115 elementary schools found that these common approaches for improving 
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teacher effectiveness (content-specific certification exams and increasing subject-matter 
coursework) do not ensure that teachers have strong enough mathematical knowledge for 
teaching. 
A study with elementary teachers in the California Mathematics Professional 
Development Institute (MPDI) found that content knowledge for teaching includes more than 
just knowing mathematics (Hill et al., 2004). While a strong mathematical knowledge base was 
found to be important, of more importance was the way in which an individual teacher holds and 
uses that knowledge in the classroom setting. Ding (2007) agreed by stating that content 
knowledge alone cannot ensure quality teaching because it is how teachers use this knowledge in 
a teaching context that makes the difference.  
Specialized Content Knowledge 
The research suggests that how teachers use content knowledge is what sets them apart 
from content experts (Hoover, 2014). Specialized Content Knowledge (SCK) then is 
mathematical knowledge and skills unique to teaching (Ball et al., 2008). Shulman (1986) argued 
this point by stating teachers must know more than just the facts and ideas of a subject. He stated 
that they must also know the structure and organizing principles for the subject, which would 
lead them to not only know that something is so but also know why it is so.  
While SCK does include mathematical content knowledge it is knowledge not typically 
used by adults in everyday life. Teachers with SCK are not only able to calculate and correctly 
solve problems (as other educated adults can) they are also able to analyze student errors, use 
nonstandard approaches to a problem, effectively use mathematical vocabulary, explain and 
justify mathematical ideas as well as determine the advantages/disadvantages of various 
representations. Clearly these are skills that are neither necessary nor desirable in settings other 
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than teaching. Thus, teachers need a decompressed mathematical knowledge that allows them to 
hold unpacked mathematics content until it is needed to be made visible and attainable by 
students (Ball et al., 2008). 
To further the idea of SCK, Ball et al. (2008) stated that the focus of teacher knowledge 
is not so much involved with the content knowledge of mathematics but rather knowledge about 
mathematics. In other words, teachers need an understanding of the nature of mathematics – the 
knowing and doing of mathematics specifically with regard to teaching and student learning. 
This type of knowledge does not come from studying advanced mathematics or just general 
teaching experience (pedagogy). This knowledge is what Ma (1999) calls “knowledge packages” 
and involves an interweaving of content knowledge and mathematical pedagogy that produces 
effective teachers of mathematics.  
It is no wonder that researchers have had a difficult time quantifying mathematical 
content knowledge for teaching. In fact very little empirical data have been available to articulate 
or validate the specific type of knowledge needed for teaching of mathematics (Hill et al., 2004). 
There is a reason for this. SCK is complex and requires that teachers know content in a 
multifaceted way. Knowing mathematics content deeply is a given, however, in addition, 
teachers must know it conceptually, know it connectedly, know representations of and 
difficulties with specific ideas (Ball, Lubienski, & Mewborn,  2001).  In other words, it is not 
enough for teachers to do well in mathematics courses. They must be able to use their 
mathematical content knowledge in context-specific situations. This would include not only 
listening to students but interpreting patterns in their thinking while simultaneously probing for 
clarity and then flexibly making “on-the-spot” instructional decisions about where to go next.  
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Ding’s (2007) research found that teachers with higher SCK were able to predict and 
analyze student difficulties in a learning goal in advance and therefore were able to provide more 
time for actual student work toward their learning goal. In contrast, teachers without this skill 
spent most of their instructional time working on prior knowledge resulting in lower student 
gains on specified learning goals. Therefore, the research suggests that common content 
knowledge (CCK) must be paired with a professional knowledge that includes knowledge of 
student thinking about mathematics.  
Other research confirmed that these two types of knowledge are related but not 
necessarily equivalent; nor can they stand on their own (Hill, Blunk, Charalambous, Lewis, 
Phelps, Sleep, & Ball, 2008). They found that teachers may have strong content knowledge but 
lack the specialized knowledge for teaching mathematics. Conversely, some teachers have strong 
knowledge of students but lack content knowledge to effectively connect their knowledge of 
students as it applies to teaching mathematics. The knowledge needed for teaching mathematics 
to elementary students is not only complex and multidimensional but also quite extensive.  
Ding’s (2007) research found this complex nature of teaching to be one reason why CCK 
does not always transfer to SCK. Simply knowing well will not transfer to teaching well due to 
the various contexts that occur in the classroom setting. Although teachers may try to predict 
student thinking ahead of time, the irregularities and uncertainties of the real classroom 
environment often leave teachers ill-equipped to realistically predict student thinking. One of 
these classroom realities has to do with trying to monitor the thinking of 20 to 30 students at one 
time.  
Another reason CCK does not transfer to SCK is because teachers cannot make 
connections across and within the curriculum.  Teachers must have a strong knowledge base, 
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which includes mathematics content that has been “unpacked” coupled with strong connections 
to effectively activate content or student information in the spur of the moment (Ding, 2007). 
According to Ma, (1999) only teachers with a “profound understanding of mathematics (PUFM), 
can teach in such a flexible and deep way.  
Therefore, mathematical knowledge for teaching (MKT) is not an either or type of 
knowledge. Rather it is a combination of what Ball et al. (2008) calls Common Content 
Knowledge (CCK) and Specialized Content Knowledge (SCK). According to Hill et al. (2005) 
MKT is knowledge of mathematics content combined with knowledge of how to teach that 
particular content in context. Research indicates that this type of knowledge is critical to 
effective teaching and learning of mathematics in elementary classrooms. The complexity of 
what makes up MKT is the reason why researchers have struggled to produce adequate 
instruments to measure it.  
 The research repeatedly illustrates the interplay between CCK and SCK (MKT) with 
regard to mathematics instruction as well as the difficulties associated with measurement 
instruments. The Hill et al. (2005) study of 115 elementary schools illustrates a positive 
relationship between MKT and student gains. However, their instrument could not determine 
whether the student gains were produced by MKT, a more general knowledge, or an aptitude for 
teaching. The reason for this uncertainty was that the researchers did not test general knowledge 
or aptitude for teaching. However, the study did test MKT and found it did positively correlate 
with student mathematical gains during first and third grade. This data suggests that teachers’ 
MKT matters even when working with very young elementary students.  
 
 
	   39	  
Pedagogical Content Knowledge 
As Figure 2.6 shows, the other domain of knowledge for teaching mathematics involves 
pedagogical content knowledge (PCK). This domain is comprised of knowledge of content and 
students (KCS) and knowledge of content and teaching (KCT). Shulman (1986) spoke of PCK to 
address the ways in which teachers make subject-matter comprehensible to others. This includes 
but is not limited to what makes a particular topic easy or difficult as well as what conceptions or 
misconceptions students bring to the learning. This line of thinking aligns with Dewey’s (1902) 
admonition for teachers to “psychologize” their subject matter.  Dewey said that teachers should 
draw on their subject-matter and student knowledge to choose appropriate topics and 
representations of material to be learned. This idea of focusing on subject-matter representations 
along with student conceptions/misconceptions, suggests that pedagogical content knowledge is 
more than just mathematics content knowledge or knowledge of general pedagogy but rather a 
unique blending of the two.  
Knowledge of Content and Students (KCS) 
 Knowledge of Content and Students (KCS) is one component of PCK. It combines 
knowledge of both students and math. Central to this knowledge is the teacher’s ability to 
anticipate or predict student thinking (both correct and incorrect) on mathematics topics to be 
covered. Based on the students’ thinking, the teacher is able to choose an appropriate strategy or 
skill for moving the learning forward. Basically, teachers with KCS have a well developed 
knowledge of not just content but how students are likely to think about the content. Teachers are 
familiar enough with their students to know what they will usually say, think or do within a 
given sequence of learning. To put it simply, knowledge in this arena occurs at the intersection of 
students and content; consideration of one is not possible without consideration of the other.  
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Student Thinking 
A great deal of literature associated with student thinking comes from the authors of 
Cognitively Guided Instruction (Capenter, Fennema, Fanke, Levi, & Empson, 2015). Their work 
on student thinking illustrates how different types of mathematical knowledge such as SCK and 
KCS are essential for instruction focused on mathematical understanding. The following section 
delves more deeply into research specifically aligned with these types of teacher knowledge and 
the use of student thinking to guide instructional decision-making.   
A main focus in current research is how teachers can assess and use student thinking in 
the mathematics classroom. The impact of student thinking on teaching is of such importance the 
NCTM (2000) standards document discusses it explicitly in the section entitled, The Teaching 
Principle.  In this section the standards lay out not only that teacher knowledge of student 
thinking is critical but also how teachers can use student thinking in the classroom to become 
effective teachers of mathematics. In addition, the National Research Council (NRC) (2001), 
states teachers should be engaged in “inquiry to deepen their understanding of students’ 
thinking” (p.389).  Even with these powerful admonitions from NCTM (2000) and NRC (2001), 
effectively using student thinking to guide instruction is a process that takes time, training, and 
support as documented by the research of many leaders in the field of mathematics (Carpenter, 
Fennema, Franke, Levi & Empson, 1999; Fennema & Franke, 1992; Empson & Levi, 2011; 
Richardson, 2012; Blanton, 2008, Battistat, 2012).  
Research on Cognitively Guided Instruction 
 One of the most widely documented sources of using student thinking for instructional 
decision making comes from the work on Cognitively Guided Instruction (CGI).  CGI is a 
research-based professional development program that was built upon the idea that both 
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knowledge of content and knowledge of student thinking are essential in helping students make 
sense of mathematics. Through CGI research, discussions about the teaching and learning of 
mathematics is looked at in terms of sense-making, standards, research, respect, and questioning 
(SRQs) (Carpenter et al., 2015).  
 Examining SRQs allows for a better understanding of what CGI is all about. The S stands 
for sense making and standards.  At the heart of all components of CGI is making sense of 
mathematics. In CGI classrooms, as children go through the process of solving story problems 
they grapple with what makes sense to them. This grappling to make sense of mathematics helps 
students build a firm mathematical foundation, which allows for the learning of new 
mathematics, using what is already known.  
 Students are not alone in making sense of mathematics according to CGI research; 
teachers are engaged in sense making too. Teachers make sense of children’s mathematical 
thinking through the use of carefully selected story problems. Additionally, teachers can make 
sense of student thinking by understanding the different strategies children use for solving these 
problems. As teachers begin to understand the thinking associated with the different strategies 
and take notice of the strategies being used they are more able to shape their instruction to better 
meet the needs of their students.  
 The other part of S in SRQ deals with mathematical standards themselves. The Common 
Core State Standards for School Mathematics (CCSSM) not only gives grade specific standards 
for instruction but also includes 8 Mathematical Practice Standards for how students should do 
mathematics. According to the research of Carpenter et al., (2015), CGI embodies all of the 8 
practices by embedding them into all instruction. Table 2.2 gives each of the 8 practices as they 
are written in the standards and also includes a student-friendly version of the standards. The use  
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Table 2.2 
8 Mathematical Practices 
Adapted from White and Dauksas (2012) 
 
of intentional story problems and purposeful classroom discussions in CGI classrooms allows 
students the opportunity to simultaneously integrate all 8 practices in their work with 
mathematics.  
The R of SRQ stands for Research and Respect. There are over 30 years of research 
behind CGI. The research began by looking at how students’ mathematical thinking developed 
(Carpenter, 1985).  The next study looked at teacher knowledge of children’s mathematical 
thinking (Carpenter, Fennema, Peterson, & Carey, 1988). This was followed up by a study on the 
CCSS for Mathematical Practice! Student-friendly Language!
Make sense and persevere in solving problems. ! I don’t mind trying many times to understand and solve a 
math problem. !
Reason abstractly and quantitatively.! I can think about the math problem in my head, first. !
Construct viable arguments and critique the reasoning of 
others.!
I can make a plan, called a strategy, to solve the problem 
and discuss other students’ strategies too.!
Model with mathematics.! I can use pictures, objects, math symbols, and numbers to 
show how to solve a problem. !
Use appropriate tools strategically.! I can choose the best math tool like calculators, rulers, 
pictures, or objects to solve the problem. !
Attend to precision.! I can check to see if my strategy and calculations are 
correct. I use clear mathematical language. !
Look for and make use of structure. ! I can use what I already know about math to solve the 
problem. !
Look for and express regularity in repeated reasoning. ! I can use different strategies or find a pattern from a similar 
problem to solve a new math problem. !
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ways in which knowledge of student thinking might be used by teachers for making instructional 
decisions (Carpenter, Fennema, Peterson, Chiang, and Loef, 1989). From these studies, the 
researchers found that teachers’ knowledge of students’ mathematical thinking was fragmented 
and thus was not an important part of instructional decision making. In order to provide a 
coherent basis for instructional decisions, the researchers developed CGI. The purpose was to 
provide professional development that would help teachers better understand the development of 
students’ mathematical thinking in specific domains using noted strategies.  
 A series of follow up studies produced further information about the potential impact of 
understanding the development of students’ mathematical thinking on teacher beliefs and 
practices and how these changes were reflected in student learning (Carpenter et al., 1989; 
Fennema, Carpenter, Franke, Levi, Jacobs, & Empson, 1996). Additional studies provided new 
insights on how students’ mathematical thinking develops and on the instructional situations that 
support this development (Carpenter, Ansell, and Levi 2001). These findings led to revisions in 
CGI professional development for teachers.  
 Professional development in CGI is focused on teachers’ understanding of how children’s 
mathematical thinking develops by building upon existing teacher knowledge. The research of 
Carpenter et al. (2015) stated this type of understanding takes time and support.  Follow-up 
studies by other researchers confirmed the importance of sustained professional development 
over many years and introduced a new construct of professional noticing as it relates to 
children’s mathematical thinking (Jacobs, Lamb, & Philipp, 2010). This professional noticing 
deals with a set of interrelated skills teachers use for in-the-moment decisions that deal with 
noticing student strategies, interpreting student understandings, and then deciding on what to do 
instructionally.  
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 The other R of SRQ deals with Respect. According to Carpenter et al., (2015) there 
should be respect for all students as mathematical beings. The CGI approach looks at who can do 
math and at what level a little differently than most conventional approaches. By using student 
thinking as a springboard, all students can do meaningful mathematics when provided carefully 
chosen opportunities that match where students are. By structuring the mathematics classroom so 
that all students are engaged presents opportunities for children to share their ideas with others. 
Through discussion and the critiquing of strategies, everyone learns to respect the thinking of 
others.  In this regard, teachers and students alike come to respect mathematics and the learning 
of mathematics. 
Q, the final component of SRQ stands for Questioning. Paramount to instruction 
according to CGI is the ability to ask and use questions that aid in the understanding of 
children’s mathematical thinking. Teachers ask questions to help children share their own 
thinking so that others can understand and also to develop a deeper understanding of 
mathematics. Additionally, children are encouraged to question each other about the 
mathematics at hand. These questions from the teacher and students alike help move learning 
forward for all.  
Gaining Access Into Student Thinking 
The SRQs mentioned above have student thinking at the heart of each component. To  
help teachers effectively use student thinking to make instructional decisions, they must first gain 
access to student thinking in their classrooms.  
 Classroom discourse is one way to gain access into students’ mathematical thinking. The 
National Council of Teachers of Mathematics has urged teachers for over two decades to 
emphasize student talking and writing in the mathematics classroom. In order for this type of 
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communication to be productive, it must be carefully integrated with mathematics content. 
Without a carefully thought out purpose for mathematical talk, it is unlikely that it will advance 
student thinking and learning.  
 Although not necessarily easy to implement, the benefits of productive math talk are 
numerous. As students verbalize their thinking, they are pushed to clarify their ideas. This allows 
teachers to pinpoint misunderstandings or gaps in understanding more easily than if these ideas 
were left unspoken. This in turn will allow teachers the opportunity to make instructional 
decisions based on individual student needs. Because of knowledge of student thinking, teachers 
can make purposeful choices about types of problems, strategies, and even questions to ask that 
will move student learning forward.  
 While the advantages of using classroom discourse are clearly noted, it is often not easy 
to get talk going in the classroom. Teachers need to establish an environment of respect so that 
students feel comfortable sharing their ideas aloud in the classroom. Research by Hufferd-
Ackles, Fuson, and Sherin (2004), discusses the importance of establishing a math-talk learning 
community in which discourse is used by teachers and students alike to support mathematical 
learning for all. According to these researchers, “the primary goal of such a community is to 
understand and extend one’s own thinking as well as the thinking of others in the classroom”. 
Table 2.3 outlines the levels and components associated with a math-talk learning community.   
Level 0 in the table represents a more traditional classroom that involves very little 
student talk to explain their mathematical thinking. As the levels go higher there are noticeable 
changes in both teacher and student actions. The teacher becomes more of a facilitator of 
learning and the students begin to take more responsibility for not only their own learning but for 
the learning of others. 
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Table 2.3 
Levels of Math-Talk Learning Community Components 
 
       Adapted from Hufferd-Ackles, Fuson, and Sherin (2004) 
 
Similarly Chapin, O’Connor, and Anderson (2009), outline a mathematics discourse 
classroom that includes ground rules for talk that is respectful, courteous, and obligates all 
students to be attentive listeners as others speak. The authors also contend that teachers need a 
set of tools they call “talk moves” for getting productive talk going in the classroom.  
Teacher role! Questioning!
Explaining 
mathematical thinking!
Mathematical 
Representations!
Building student 
responsibility within the 
community!
Level 0!
Teacher is at the front of the 
room and dominates 
conversation. !
Teacher is only questioner. 
Questions serve to keep 
students listening to teacher. 
Students give short answers 
and respond to teacher only. !
Teacher questions focus 
on correctness. Students 
provide short answer-
focused responses. 
Teacher may tell answers. !
Representations are 
missing or teacher shows 
them to students.!
Culture supports students 
keeping ideas to 
themselves or just 
providing answers when 
asked. !
Level 1!
Teacher encourages sharing 
of math ideas and directs 
speaker to talk to the class, 
not to the teacher only.!
Teacher questions begin to 
focus on student thinking and 
less on answers. Only teacher 
asks questions.!
Teacher probes student 
thinking somewhat. One 
or two strategies may be 
elicited. Teacher may fill 
in an explanation. 
Students provide brief 
descriptions of their 
thinking in response to 
teacher probing. !
Students learn to create 
math drawings to depict 
their mathematical 
thinking. !
Students fell their ideas 
are accepted by the 
classroom community. 
They begin to listen to 
each other supportively 
and to restate in their own 
words what another 
student said. !
Level 2!
Teacher facilitates 
conversation between 
students, and encourages 
students to ask questions of 
one another.!
Teacher asks probing 
questions and facilitates some 
student-to-student talk. 
Students ask questions of one 
another with prompting from 
teacher. !
Teacher probes more 
deeply to learn about 
student thinking. Teacher 
elicits multiple strategies. 
Students respond to 
teacher probing and 
volunteer their thinking. 
Students being to defend 
their answers. !
Students label their math 
drawings so others are 
able to follow their 
mathematical thinking. !
Students believe they are 
math learners and that 
their ideas and the ideas 
of classmates are 
important. They listen 
actively so that they can 
contribute significantly. !
Level 3!
Students carry conversation 
themselves. Teacher only 
guides from the periphery of 
the conversation. Teacher 
waits for students to clarify 
thinking of others. !
Student-to-student talk is 
student initiated. Students ask 
questions and listen to 
responses. Many questions 
ask “why” and call for 
justification. Teacher 
questions may still guide 
discourse.!
Teacher follows student 
explanations closely. 
Teacher asks students to 
contrast strategies. 
Students defend and 
justify their answers with 
little prompting from the 
teacher. !
Students follow and help 
shape the descriptions of 
others’ math thinking 
through math drawings 
and may suggest edits in 
others’ math drawings. !
Students believe they are 
math leaders and can help 
shape the thinking of 
others. They help shape 
others’ math thinking in 
supportive, collegial 
ways and accept the 
same. !
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Table 2.4 illustrates sample moves with corresponding explanations for each question. 
These “talk moves” are broken into four goals so that each set of talk moves has their own 
specific purpose according to Chapin, O’Connor, and Anderson (2009). Goals one and three use 
strategies that help students understand their own thinking more clearly and deeply. Goals two 
and four use strategies that help students orient to and engage with the thinking of others. All 
four goals are used intentionally to get meaningful talk going in the classroom. This talk helps 
move the learning forward for all students and provides the teacher with insight into student 
thinking.   
 
Table 2.4  
Talk Moves Goals, Moves and Questions            
       Adapted from Chapin, O’Connor, and Anderson (2009) 
Goal 1!
Help Students Clarify and 
Share Their Own Thoughts!
Goal 2!
Help Students Orient to the 
Thinking of Others!
Goal 3!
Help Students Deepen Their 
Own Reasoning!
Goal 4!
Help Students Engage with 
Others’ Reasoning!
 
“Say more”!
 (asking an individual student 
to expand on what he or she 
has said).!
 
“Who can Repeat?”!
(asking students to restate 
what has been said by others)!
 
“Press for Reasoning”!
(asking students to explain 
their reasoning by asking for 
evidence to support their 
claims)!
 
“Do you agree or disagree?” 
Why?!
(Asking students to apply 
their own reasoning to an 
idea).!
 
“Revoicing”!
(Asking a student to verify 
your interpretation and clarify 
his or her thought)!
 
“Wait Time” (giving!
Students time to think, and 
time to answer).!
 
“Who can put this in their 
own words?!
(asking students to put what 
has been said in their own 
words)!
 
“Who can add on?”!
(asking students to add their 
own ideas to what has already 
been shared). !
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Figure 2.7 outlines the steps for productive talk through “talk moves”. The   
four steps are geared toward getting students to clarify their own thinking, orient to the thinking 
of others, deepen their own reasoning, or engage with the reasoning of others. The purpose of  
“talk moves” is to provide teachers with a toolkit of thinking and questioning strategies that elicit  
student responses with a particular goal in mind.  As teachers use talk moves, students are 
pushed to share their mathematical thinking which helps the teacher determine next steps for 
instruction. 
 
 
 
Figure 2.7: Four Steps Toward Productive Discussions 
           Adapted from Chapin, O’Connor, and Anderson (2009) 
 
 
Four Steps Toward Productive Discussions 
In order to reach the goal of holding academically productive discussions in your class, you need to accomplish each 
of the following four steps. Without these, you will not have the conditions you need to support real, substantive 
discussion that supports student learning. The talk moves described in this section will help you accomplish these four 
steps. 
 
 
• Step 1: Helping Individual Students Clarify and Share Their Own Thoughts 
If a student is going to participate in the discussion, he or she has to be able to share thoughts and responses out loud, 
in a way that is at least partially understandable to others. If only one or two students can do this, you don’t have a 
discussion – you have a monologue or, at best, a dialogue between the teacher and a student.  
 
• Step 2: Helping Students Orient to the Thinking of Other Students 
If a student is simply waiting to speak, and is not listening to others and trying to understand them, he or she will not 
be able to contribute to a real discussion. Your ultimate goal involves sharing ideas and reasoning, so it is important to 
steer students away from a series of individual, disparate thoughts. 
  
• Step 3: Helping Students Deepen Their Reasoning 
Even if students express their thoughts and listen to others’ ideas, the discussion can still fail to be academically 
productive if it does not include solid and sustained mathematical reasoning. Some classroom discussions are 
superficial – most students are not skilled at pushing to understand and to deepen their own reasoning. Therefore, the 
teacher’s role includes continuous and skillful use of the talk move press for reasoning.  
 
• Step 4: Helping Students Engage with Other’s Reasoning 
The final step involves students actually absorbing the ideas and reasoning of other students and responding to them. 
This is when real discussion can take off, discussion that will support robust learning.  
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Another way that teachers can gain access into student thinking is through their 
knowledge and use of story problems. Table 2.5 synthesizes information from CGI regarding 
addition and subtraction problems. (Carpenter et al., 2015). In order to access student thinking, 
teachers must carefully choose problems based on where the student is in their understanding. 
The classes and types of problems increase in difficulty with movement down the chart. Of equal 
importance is the strategy used to solve the problem. Strategies are not determined by the age of 
the student. Most children pass through three levels in acquiring addition and subtraction 
problem-solving skills. They typically start with Direct Modeling and over time these skills are  
replaced with Counting Strategies (although sometimes children may use both Direct Modeling 
and Counting Strategies at the same time) then finally move on to Number Fact Strategies. 
The strategies listed in the chart come naturally to children and do not need to be directly 
taught. With opportunities for experimenting with story problems, students can usually construct 
strategies themselves that model the action in a problem. Insight into student thinking comes 
from the discussing and sharing of strategies. Meaningful talk is fostered through this sharing of 
strategies.  
Knowledge of Content and Teaching 
 Another component of PCK is Knowledge of Content and Teaching (KCT), which 
combines knowledge about teaching with knowing about mathematics. This particular type of 
teaching knowledge also requires knowledge of instructional design. Teachers make instructional 
choices about sequencing content including where to start with instruction. Additionally, 
teachers make choices about which resources and tasks to use, which representations to use, as 
well as decisions about which student assumptions will add to or detract from the sequence of  
learning (Ball et al., 2008).  Teachers with KCT recognize that instructional changes that move 
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Table 2.5 
Synthesis of Information Regarding CGI Story Problems  
 
 
Classes of 
Problems 
Type Definition Story Example Sample 
Number 
sentence 
Strategies for solving 
Join Problems:  Result 
Unknown 
Involve a direct or implied action with a set that is 
increased over time.  
Final amount is unknown. 
Robin had 6 toy cars. Her parents gave her 8 
more toy cars for her birthday. How many 
toy cars did she have then? 
6 + 8 =  
_________ 
Direct Modeling: Joining All 
Counting  Strategies: 
Counting on From First.  
Counting on From Larger 
Change 
Unknown 
Involve a direct or implied action with a set that is 
increased over time.  
Amount increased is not known.  
Robin had 6 toy cars. Her parents gave her 
some more toy cars for her birthday. Then 
she had 14 toy cars. How many toy cars did 
Robin’s parents give her for her birthday? 
6 + _______=  14 Direct Modeling: 
Joining To 
Counting Strategies: 
Counting On To 
Start 
Unknown 
Involve a direct or implied action with a set that is 
increased over time.    
Initial amount is not known.  
Robin had some toy cars. Her parents gave 
her 8 more toy cars for her birthday. Then 
she had 14 toy cars. How many toy cars did 
Robin have before her birthday? 
_______ +  8 =  
14 
Direct Modeling: Trial and Error 
Counting: 
Trial and Error 
Separate 
Problems    
Result 
Unknown 
Involve an action that takes place over time and 
the initial quantity is decreased. 
Final amount is unknown. 
Colleen had 13 pencils. She gave 4 pencils 
to Roger. How many pencils does Colleen 
have left? 
13 – 4  =  
_______ 
Direct Modeling: 
Separating From 
Counting Strategies: 
Counting Down 
Change 
Unknown 
Involve an action that takes place over time and 
the initial quantity is decreased. 
Amount removed is unknown. 
Colleen had 13 pencils. She gave some 
pencils to Roger. Then she had 9 pencils left. 
How many pencils did Colleen give Roger? 
13  -  ______ =  9 Direct Modeling:  
Separating To 
Counting Strategies: 
Counting Down To 
Start 
Unknown 
Involve an action that takes place over time and 
the initial quantity is decreased. 
Initial amount is unknown.  
Colleen had some pencils. She gave 4 
pencils to Roger. Then she had 9 pencils left. 
How many pencils did Colleen have to start 
with? 
_______  -   4  =  
9 
Counting Strategies: 
Trial and Error 
Part-Part 
Whole 
Problems 
Whole 
Unknown 
Involve a static relationship among a particular 
set and its two disjoint subsets.  
No direct or implied action, and there is no change 
over time.  
Gives two parts and asks the solver to find the 
whole.  
8 boys and 7 girls were playing soccer. How 
many children were playing soccer? 
8  +  7  =  15 Direct Modeling: Joining All 
Part 
Unknown 
Involve a static relationship among a particular 
set and its two disjoint subsets.  
No direct or implied action, and there is no change 
over time.  
Gives one of the parts and the whole and asks the 
solver to find the other part.  
15 children were playing soccer. 8 were 
boys and the rest were girls. How many girls 
were playing soccer? 
*No commonly used strategy 
corresponding to the action or 
relationship described in the 
problem.  
Compare 
Problems 
Difference 
Unknown 
Looks at relationships between quantities of two 
distinct, disjoint sets. 
Because one set is compared to the other, one is 
called a referent set (8 mice) and the other is the 
compared set (12 mice). The third entity is the 
difference, or the amount that one set exceeds the 
other and is called the difference (4 more mice) 
Mark has 8 mice. Joy has 12 mice. Joy has 
how many more mice than Mark? 
  Direct Modeling:  
Matching 
Compare Set 
Unknown 
The set being compared to the referent set.  Mark has 8 mice. Joy has 4 more mice than 
Mark. How many mice does Joy have? 
Referent 
Unknown 
The set be referenced. Joy has 12 mice. She has 4 more mice than 
Mark. How many mice does Mark have? 
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from a “telling” mindset to a “guiding” mindset will require changes in instructional materials 
and strategies (Fennema & Franke, 1992).  
Teachers with KCT draw on their deep content knowledge to flexibly arrange teaching 
situations using multiple tasks and resources (NCTM, 2000). Instruction is built on a variety of 
instructional techniques, assessment strategies and resource materials. According to NCTM’s 
(2000) Teaching Principle, effective teachers are reflective and continually build their strategies 
for making mathematics content available to all. Therefore, teachers use knowledge of content 
and all available instructional tools to develop students’ knowledge of big ideas in mathematics.  
There are a limited number of studies in the research literature that focus on KCT 
specifically. However, Copur-Gencturk’s (2015) research looked at the relationship between 
MKT and KCT. The study was conducted with a Mathematics and Science Partnership (MSP) 
grant aimed at investigating the relationship between MKT and instructional practices. 
Participants were involved in a 32 hour master’s degree program which included courses in 
mathematics, science, and education. The overarching goal of the degree was to deepen teachers’ 
mathematical content knowledge aligned with K-8 teaching and to also improve the teacher’s 
ability to teach with an instructional focus on sense making of the content. Data collection 
consisted of a content knowledge assessment (pre and post), classroom observations and teacher 
interviews.  
Results from the study further substantiated findings from other research regarding the 
intertwined tangle of different types of knowledge in teaching. Gains in MKT knowledge 
correlated directly to an increased use of inquiry-based instruction. As teachers’ MKT increased 
classroom observations showed an increase towards developing conceptual understanding 
through collaborative problem-solving, classroom discussions, justification of answers but more 
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important a purposefully chosen sequence of instruction based on student thinking. This was 
found to be true even in classrooms where the teacher’s MKT was initially low but had 
significantly improved over the course of the study. Not surprising, teachers with low MKT who 
did not make gains in their MKT over the course of the study continued to teach from a 
traditional standpoint, paying little attention to the sequence of instruction needed to develop 
students’ conceptual understanding.  
Consider that the instructional changes seen in this study did not occur just because of 
improved MKT. As demonstrated with other studies, increasing MKT alone is not enough to 
improve all components of instruction in mathematics. Rather, participants increased their MKT 
while simultaneously increasing their knowledge of content for teaching. Results of the study 
showed teachers with increased MKT were more likely to choose more cognitively demanding 
tasks for their students. The teachers knew the demands of the content and chose appropriate 
instructional methods for making content available to all. They allowed time for students to 
collaborate and investigate big ideas in mathematics. Teachers were observed facilitating 
learning by asking questions rather than giving clues to get the right answer. Students were 
justifying their representations and critiquing each other’s conjectures. Mathematical-sense 
making was the focus of the mathematics classroom. In addition sound decisions about the 
sequence of instruction were made based on knowledge of not only content but also curriculum, 
pedagogy and students. Alternately, those with low MKT demonstrated a lack of connection 
between the activities and concepts in their classrooms. Instructional strategies and techniques 
did not demonstrate a change in the classrooms of teachers with lower MKT. 
While the authors do not claim causality with this work they do see a correlation between 
the teachers’ knowledge (MKT) and quality of classroom instructional strategies (KCT). They 
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came to the conclusion that there is indeed a “powerful relationship between what a teacher 
knows, how she knows it, and what she can do in the context of instruction” (Hill et al., 2008, 
p.496). This is an important finding that supports other work regarding the interconnectedness of 
the multiple types of knowledge needed to teach elementary mathematics.  
One of the issues of measuring teachers’ PCK is the difficulty in teasing out the different 
constructs of what makes up MKT and PCK individually. Although Ball et al. (2008) presents 
each type of knowledge as individually distinct as shown in Figure 2.6, some researchers such as 
Gearhart (2007), find that these are not stand-alone skills and are often too closely related to 
provide measures related to each one individually. For example, Gearhart (2007) contends that a 
teacher’s knowledge about content and teaching (KCT) will reflect their knowledge about 
students’ construction of knowledge (KCS) and vice versa. Therein lies some of the difficulty 
associated with research on teacher knowledge. The blurred lines between the different types of 
knowledge needed to effectively teach elementary mathematics continues to make clear 
definitions and measures an issue for researchers into this important area.    
Classroom Impact 
Because the research literature shows such an interconnectedness among the various 
types of factors affecting classroom instruction, this section of provides an overview of how self-
efficacy, beliefs, mathematical and pedagogical content knowledge come together to impact 
elementary teachers’ instructional practices in the classroom. The NCTM Principles and 
Standards for School Mathematics (2000) provides a road map of sorts of content and processes 
for teaching in the elementary grades. However, the review of literature shows maneuvering of 
teachers’ self-efficacy, beliefs and mathematics knowledge (of content, students and pedagogy) 
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is no small feat. Teachers must pull from multiple sources to equip themselves with the tools 
necessary for using student thinking to guide their instruction.  
In a CGI classroom teachers make instructional decisions before and during instruction 
based on their knowledge of student’s thinking (Carpenter, Fennema, Franke, Levi, & Empson, 
2015). Teachers set up a community of learners so that each student’s thinking is important and 
respected.  Children willingly approach problem solving and recognize the importance of their 
thinking. The teacher facilitates learning by assessing students’ knowledge rather than showing 
how to do a problem. The teacher is equipped with a large range of instructional materials to gain 
knowledge about students’ mathematical understandings. A great deal of research exists to 
document these instructional changes in teacher behavior as teachers learn to use students’ 
thinking to guide their instructional decisions (Fennema & Franke, 1992).   
The work of Blanton (2008), illustrated this commitment. Elementary teachers in a multi-
year professional development project used the knowledge they gained in the project to rethink 
and adjust their mathematical knowledge for teaching as well as their pedagogical content 
knowledge. Her book, Algebra and the Elementary Classroom: Transforming Thinking, 
Transforming Practice, provides a plethora of teacher vignettes illustrating changes in 
knowledge, beliefs and practice.  
One third grade teacher in the project admitted that before the project she found math 
unfulfilling to teach. She remembered instances of skipping math some days because she did not 
want to teach it. Simply stated, she did not like math. Her sole purpose for math instruction was 
to get students to fluently know their facts. However, after participating in the professional 
development she changed her feelings about math instruction. She noted that her math lessons 
became student driven and instructional decisions were based on the thinking demonstrated 
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during classroom discussions. This teacher’s algebraic thinking became a habit of mind through 
reformed teaching practices that provided consistent opportunities for students to think about, 
describe and justify generalizations in a variety of mathematical strands. 
In another study, Hill et al., (2008) sought to determine what role mathematical content 
knowledge (MKT) plays in instructional quality (PCK). Although limited in terms of quantity of 
participants the study does shed some light on what role MKT and PCK have on elementary 
teachers’ instructional decisions in the classroom. The first teacher from the study scored high in 
both MKT and PCK. Thus, her classroom was mathematically rich and responsive to student’s 
misconceptions and ideas. Opportunities were provided constantly for mathematical thinking. 
Lessons consisted of students working together on a task followed by whole-group discussion of 
results. Mathematical arguments were encouraged with students justifying their reasons for 
agreement or disagreement. Students covered a wide range of mathematical territory during the 
lesson and often finished by setting up the next task. There was a back and forth rhythm between 
teacher and students as well as among students. The teacher consistently used student thinking to 
determine where instruction should go next, therefore, events and tasks were carefully chosen. 
Lesson materials included a variety of mathematically sound resources chosen for their relevance 
and interest to children. 
Other participants in the Hill et al. (2008) study produced some revealing information as 
well. One teacher with a low MKT nearly always stuck with a more traditional approach to 
teaching and learning.  This teacher had neither the CCK nor SCK to allow students the freedom 
to explore mathematical concepts. Her classroom observations indicated that she made many 
mathematical errors herself and simply pressed on to get “through the lesson.” She did not check 
for understanding or listen to students’ misconceptions to help inform her instruction.  
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The work of Empson and Levi (2011) provided other examples of teachers using student 
thinking in the daily work of teaching mathematics. However, they are quick to say that 
developing this ability to use children’s thinking to guide instruction is not something that 
happens overnight. In their work, teachers changed their reasons for listening to student thinking. 
Originally, teachers were listening to determine if students were “getting it.” After participating 
in the program they started listening to students to determine what instruction was needed next. 
Teachers were able to sequence problems more developmentally-appropriate based on student 
thinking. Teachers developed the skill of asking clarifying questions to extend student thinking. 
Overall, as teachers identified the mathematics in students’ thinking they were able to develop 
instruction for connecting mathematical ideas and extending problem-solving strategies.   
 So how does MKT guide instruction in the elementary classroom? Teachers with high 
MKT and PCK generally have classrooms that are student-centered. Students are not sitting 
alone at their desks doing worksheets. Rather, students are engaged in meaningful discussions 
about their understanding of mathematical ideas. Students usually work on only one or two 
problems in a one hour class period. During this time the teacher is listening to student talk and 
analyzing their thought patterns and errors in order to adjust the instructional path. This is not an 
easy role. As Ball (1993) stated, the teacher often finds that making these instructional decision 
are sometimes “thorny dilemmas of practice” since many times there is no single correct choice.  
Additionally, the teacher is faced with transforming his or her own content understandings by 
balancing attention to both mathematics and the student. 
 This balance of honoring the mathematics and the child heightens the uncertainty of 
practice (Ball, 1993). Even teachers with high MKT have to be willing to learn more about the 
mathematics they are teaching through the eyes of students. Allowing children to be thinkers 
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makes the whole classroom experience more unpredictable which may account for why some 
teachers with a lower MKT shy away from this type of instruction. Acknowledging these 
classroom difficulties, amounts to admitting incompetence for many teachers. This may be why 
teachers often revert back to traditional modes of instruction when the doors are closed.  
Summary of Literature 
As demonstrated in this literature review, the research contends that teachers need 
mathematical knowledge above and beyond what the average adult has, further pushing the 
question –  “Exactly what mathematical knowledge is needed to teach elementary mathematics?” 
Answering this question still eludes the professional community despite decades of research. 
Researchers, policy makers and educators themselves need to claim that there is distinct 
professional knowledge needed for teaching mathematics and set out to explicitly say what this 
knowledge is so that teachers can get it. While researchers have been able to produce constructs 
to measure common content knowledge, specialized content knowledge, as well as pedagogical 
content knowledge with some degree of validity, the same questions remain. What are the 
particulars of this mathematical knowledge for teaching? How will teachers get it?  How will 
others know when they have it?  How will they know when they have it?  
Dewey’s (1902) idea of “psychologizing” the content has to be considered. His theory is 
that teachers need to see the structures of their content as it is being learned by students and not 
only in the finished form (Ball, Hill, & Bass, 2005). They need the depth of knowledge that 
would allow them to consider not just the content but what it would take to understand the 
content from the perspective of someone who sees it for the first time. What would a teacher’s 
knowledge storehouse look like if she possessed skills at this level? How can all teachers have 
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access to this level of knowing? How will teacher education programs adapt their coursework to 
ensure teachers are prepared for the challenges of teaching elementary mathematics? 
 Research suggests that teaching elementary mathematics according to the standards set 
forth by the National Council of Teachers of Mathematics is a complex blend of knowing 
mathematics content, knowing specialized mathematics content for teaching, as well as having a 
pedagogically sound base for teaching mathematics. At best, this is a challenge for even skilled 
teachers. Sense-making of mathematics is socially constructed and therefore the result of both 
individual and collective knowledge. Thus, community is at the center of making sense of 
mathematics, not just for students but for teachers as well.  
To be effective, teachers must make connections between their MKT and PCK. Teachers 
must be skillful at listening to children’s thinking and weaving it with their own mathematical 
content knowledge in order to construct and adapt their instruction to meet the needs of the 
students in their classroom. In addition, teachers must balance perspective, arguments, and 
resources to make specific and defensible decisions about where instruction should go next (Ball, 
1993). Smith and Stein (2011) make a case for the importance of planning as a means for 
addressing the complex interplay between knowledge of mathematical content, student thinking 
and pedagogy. Their work on the “five practices” offers help to teachers in using student 
responses (thinking) to advance the mathematical knowledge of the whole class. Their 
framework for productive mathematical discussions is rooted in the knowledge and use of 
student thinking.  
 Teachers must develop their professional repertoire by constantly seeking out knowledge 
so that teaching and learning is responsive to students but also responsible to mathematics. 
Professional discourse on teaching and learning should deal with the complicated problems of 
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practice, expecting teachers to learn from professional development, each other and through 
observation and collaboration. Therefore, effective professional development in schools must 
address teachers’ self-efficacy for teaching mathematics in conjunction with increasing 
mathematical knowledge for teaching and pedagogical content knowledge.  
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CHAPTER 3: METHODOLOGY 
 In order to test the following research questions developed from the literature collected, a 
research crosswalk (Table 3.1) was constructed. The research questions focused on the interplay 
between mathematical knowledge for teaching (MKT), teacher beliefs/self-efficacy for teaching 
math, and student thinking in the context of professional development delivered through on-site 
instructional coaching that focuses on student thinking in mathematics. The research questions 
were: 
1) What are teacher comfort levels in the teaching of mathematics?  
2) What is the likelihood of teachers using student thinking to shape their instruction if 
student success if realized? 
3) What role, if any, do self-efficacy and beliefs play in teachers’ use of student thinking 
to guide instruction? 
4) What role, if any, does professional development on attending to student thinking 
play in… 
A: increasing teachers’ use of student thinking for making instructional decisions? 
B: changing teachers’ beliefs and practices about mathematics instruction? 
C: increasing teacher efficacy about teaching mathematics? 
The research crosswalk that follows uses a mixed methods approach to investigating the 
relationship among teachers’ self-efficacy for teaching mathematics and their beliefs about  
mathematics teaching and learning, especially student thinking. The data collection methods 
 
included on the crosswalk were surveys, interviews, observations, and coaching notes. Surveys 
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Table 3.1 
Research Crosswalk 
 
 
were chosen as the primary vehicle to describe a sample of 20 teachers, using the Self-Efficay for 
Teaching Mathematics Instrument (SETMI) (McGee, 2012) and the Mathematics Belief Scale 
(MBS) (Fennema, Carpenter, & Loef, 1990). Following the initial administration of the survey, a 
small sample of teachers participated in interviews to provide a more in-depth look at the use of 
student thinking for instructional decision-making. After the interviews, observations were 
conducted to determine a baseline level of engagement with student thinking.  Finally, coaching 
notes were collected on the sample group after professional development had been offered to 
determine the extent to which teachers were using student thinking for planning and instruction 
Research Questions! SETMI 
Survey!
MBS 
Survey!
Interview! Observation 
Notes!
Coaching 
Notes!
What are teacher comfort levels in the teaching of 
mathematics?!
 !
 !
X!
 !  !
X!
 !  !
 !
What is the likelihood of teachers attending to    student 
thinking to shape their instruction if student success is 
realized?!
 !
 !
 !
 !
 !
 !
X!
 !
X!
 !
X!
What role, if any, does self-efficacy and beliefs play in 
teachers’ use of student thinking to guide instruction?!
 !
 !
X!
 !
X!
 !
X!
 !
X!
 !
X!
What role, if any, does professional development on 
attending to student!thinking play in …!
 !
A: increasing teachers’ use of student thinking for 
making instructional decisions?!
 !
B: changing teachers’ beliefs and practices about 
mathematics instruction?!
 !
           C: increasing teacher efficacy about!
           teaching mathematics? !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
X!
 !
 !
 !
 !
 !
 !
 !
 !
 !
X!
 !
 !
 !
 !
 !
X!
 !
 !
 !
X!
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
 !
X!
 !
 !
 !
X!
 !
 !
X!
 !
 !
 !
 !
 !
X!
 !
 !
 !
X!
 !
 !
X!
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of mathematics content. At the conclusion of the study, interviews and observations were 
conducted again on the participants who were involved in the professional development and 
coaching. The interviews were done to determine changes in instructional beliefs and practices. 
Additionally, they were used to determine teacher perception of student success because of their 
participation in the study. The SETMI (McGee, 2012) and MBS (Fennema et al., 1990) portions 
of the survey were re-administered to all teachers who completed the survey at the beginning of 
the study. The survey instruments are discussed in more detail later in this section.  
Participants 
This study was conducted with elementary teachers in grades K through 5 in an urban 
school district, where the researcher was employed as an instructional coach.  All teachers in the 
school were invited to participate in the survey instrument geared toward two main constructs: 1) 
teachers’ self-efficacy for teaching mathematics, which came from the Self-Efficacy for 
Teaching Mathematics Instrument (SETMI) (McGee, 2012) and 2) teacher beliefs related to 
students’ mathematical thinking, which came from the Mathematics Belief Scale (MBS) 
(Fennema et al., 1990). In addition the to the SETMI (McGee, 2012) and MBS (Fennema et al., 
1990), teachers also provided demographic information to be used as a means of categorizing 
education and experience levels of teachers involved in the surveys in order to describe the 
sample and compare the characteristics that might influence the findings.  20 of the 26 teachers 
invited to take the survey completed it. Data for this study comes from these 20 teachers. Using 
the survey data, teachers were placed in the 9-grid matrix seen in Table 3.2. The table was used 
to help group teachers into categories ranging from low to high in both self-efficacy for teaching 
mathematics and beliefs associated with the teaching and learning of mathematics.  
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Table 3.2 
9-Grid Groupings
 
 
Professional Development 
Following the survey, a first grade team of five teachers volunteered to participate in 
professional development on the use of student thinking to guide instruction. Part of 
the professional development included one-on-one coaching. An outside consultant, trained in 
the use of Cognitively Guided Instruction (CGI) was used to provide both the professional 
development and coaching portion of the study. Each participant received the book, Children’s 
Mathematics: Cognitively Guided Instruction (Carpenter, Fennema, Franke, Levi, & Empson, 
High 
(4 and up)!
Medium 
(2.7 – 3.9)!
Low 
(1 – 2.6)!
High 
(4 and up)!
Medium 
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Low 
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2015). Each professional development session lasted the entire school day and was provided on-
site.  
 The first professional development session consisted of unpacking the book, Children’s 
Mathematics.  Teachers were trained on the different CGI problem types as well as children’s 
strategies for problem solving. Teachers generated examples of the different story problems for 
use in their classroom. Video analysis of student thinking was used to practice identifying 
student strategies.  During this session, teachers were also introduced to  “talk moves” for 
gaining access into student thinking.  Teachers agreed to try out a CGI problem in the classroom 
with an individual, small group, or the whole class before the next professional development 
session.  Student work samples were collected from the CGI lesson and were brought to the next 
professional development session for analysis.  
 Follow-up coaching occurred the next week. For the first coaching session, teachers 
requested the coach model a CGI lesson. The model lesson was completed in one classroom 
while all five teachers watched. Debriefing of the lesson was conducted to ensure understanding 
of the problem type used as well as the strategies used by students. In addition to the model 
lesson, the coach visited each participant’s classroom during the guided math block to assist 
teachers in analyzing student thinking and determining next moves based on this thinking. 
Further, by spending time in the classroom, the coach was also able to identify needs for the next 
professional development session.  
 Based on the lack of “talk moves” being used for gaining access to student thinking, the 
second professional development session was focused on professional noticing of children’s 
mathematical thinking as a way to begin unpacking in-the-moment instructional decision-
making. Teachers brought their work samples from their CGI lesson for analysis of strategies 
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used by students. In addition, teachers were taught how to use student responses (both correct 
and incorrect) to determine the next steps of instruction. From this session, teachers were 
charged with choosing one “talk move” goal that they would focus on in their classroom. In 
addition, teachers agreed to try more CGI problems.  
 The follow-up coaching session occurred the next week. The coach observed and 
recorded the use of various “talk moves” being implemented during the lesson. A debriefing 
session was held after the observation with each teacher individually. Data collected on the use 
of “talk moves” was shared with each teacher and a new goal was set for incorporating more 
“talk moves” into future lessons.  In addition, the coach and teacher analyzed student work from 
the lesson and used this information to plan the next instructional steps based on student 
thinking.   
 The professional development and coaching portion of the study lasted approximately a 
month and a half. The coach and teachers created a shared document where resources were 
placed for ease of use. In addition, teachers were able to contact the coach via email for help 
when the coach was not in the building.  
Data Collection 
Survey Instruments 
Three different survey instruments were combined to create one comprehensive survey to be 
given to the teachers in the initial data collection process.  The goals for the survey were multi-
faceted as shown in Table 3.3. Part A, was used to investigate teachers’ self-efficacy for teaching 
mathematics, and used a valid and reliable instrument, the Self-Efficacy for Teaching 
Mathematics Instrument (SETMI), developed by McGee (2012). Part B also used a valid and  
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Table 3.3 
Sources and Purpose for Each Part of the Survey Instrument 
  
reliable instrument, the Mathematics Beliefs Scale (MBS), developed by Fennema, Carpenter and 
Loef (1990) and was used to identify teachers’ beliefs about teaching and learning in 
mathematics. The section that follows discusses the psychometric properties of these two 
assessments in some depth.  Both instruments are available on the web. Part C of the survey 
asked demographic questions to be used for describing the sample and for comparison 
information during the data analysis phase.   
For ease of data collection, the comprehensive survey, which included the SETMI 
(McGee, 2012), MBS (Fennema et al., 1990), and the demographic portion of the survey were 
Survey Part! Purpose! Source!
A!
Determine teacher efficacy 
for teaching mathematics. !
Self-Efficacy for Teaching 
Mathematics Instrument 
(SETMI) (McGee, 2012) !
B!
Determine teachers’ beliefs 
related to the teaching and 
learning of mathematics.!
Mathematical Beliefs Scale 
(Fennema, Carpenter, & 
Loef, 1990)!
C! Demographic Questions! Researcher developed!
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transcribed to a web-based survey using Qualtrics. All data collection was kept on a secure 
server for the protection of all participants.   
Self-Efficacy for Teaching Mathematics Instrument (SETMI)  
This instrument, Part A on this study’s comprehensive survey came from the work of McGee 
(2012). The SETMI  (McGee, 2012) is aligned to Bandura’s (1977) ideas on self-efficacy as well 
as Woolfolk and Hoy’s (1990) notion that teacher efficacy is comprised of two unrelated factors: 
personal efficacy and teaching efficacy.  The SETMI (McGee, 2012) was developed to assess 
teachers’ perceptions of their own self-efficacy with regard to pedagogy in mathematics and 
teaching of mathematics content (McGee, 2014). There are 22 questions on the SETMI (McGee, 
2012). A complete list of questions can be found in Appendix A.  
SETMI Reliability 
The SETMI (McGee, 2012) is comprised of two parts: Part 1 measures efficacy for pedagogy in 
mathematics (EPM) and Part 2 measures efficacy for teaching mathematical content (ETMC). 
The original version of the SETMI, created in 2010 has undergone revision that has resulted in a 
second version of the original instrument. Both version 1 and 2 have been analyzed for 
reliability. Table 3.4 shows the descriptive statistics for both versions.  Revisions did not have a 
great impact on reliability since most of the changes from version 1 to 2 were minimal and 
consisted mostly of wording changes. 
For this study, version 2 was used. Reliability for version 2 of the SETMI (McGee, 2012) 
was examined using Cronbach’s alpha and yielded reliability coefficients of .86 for EPM and .93 
reliability for ETMC (McGee & Wang, 2014).  These values indicate the reliability of the 
instrument as moderately strong. Participant responses were calculated for both the EPM and the 
ETMC. In addition, each participant received an overall mean for the SETMI (McGee, 2012).  
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Table 3.4    
Reliability and Descriptive Statistics of the Constructs 
 
            Adapted from McGee and Wang (2014) 
 
The SETMI (McGee, 2012) was used at the beginning of this study and then re-
administered at the conclusion of the professional development and job-embedded coaching to 
determine if any changes in self-efficacy were found. 
Mathematical Beliefs Scale (MBS) 
This instrument, Part B on the comprehensive survey came out of the work of Fennema, 
Carpenter, & Loef (1990) and was used to measure teacher beliefs related to mathematics 
Version(1((n=151)( Version(2((n=182)(
a( M( SD( a( M( SD(
EPM( .86$ 3.48$ 1.15$ .86$ 3.68$ 0.57$
ETMC( .91$ 3.85$ 0.58$ .93$ 3.39$ 0.64$
Note:(EPM=(eﬃcacy(for(pedagogy(in(mathemaDcs;(ETMC=(eﬃcacy(for(teaching(mathemaDcs(content.((
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teaching and learning. The MBS (Fennema et al., 1990) was adapted from an earlier 
questionnaire developed by Fennema, Carpenter and Peterson (1987). The MBS (Fennema et al., 
1990) as seen in Appendix B, is a beliefs survey comprised of 48 Likert-scale type items.  
According to Philipp (2007), the MBS (Fennema et al., 1990) assesses four subscales of 
teacher beliefs about mathematics. The first subscale, Role of the Learner, measures the belief 
that children are constructors of their own knowledge rather than just receivers of knowledge. 
The second subscale, Relationship Between Skills and Understanding, measure the belief 
mathematical skills should be taught through problem-solving and understanding rather than as 
isolated topics. The third subscale, Sequencing of Topics, measures the belief that the sequence 
of learning should be guided by children’s natural development and thinking, rather than the 
formal structure of school mathematics. The fourth and final subscale, Role of the Teacher, 
measures the belief that instruction should be facilitated by the teacher to foster student 
constructed knowledge rather than a presentation of material by the teacher.  
MBS Reliability  
The MBS (Fennema et al., 1990) has been used in numerous studies in conjunction with 
professional development in Cognitively Guided Instruction (CGI). Fennema, Franke, Levi, 
Jacobs and Empson (1996) conducted a 4-year CGI longitudinal study with 21 elementary 
teachers focused on professional development that helps teachers use and understand children’s 
mathematical thinking to guide their instruction. They studied changes in teachers’ beliefs and 
instruction and how these changes impacted student growth in mathematical understanding. Data 
were collected through audiotape transcriptions of classrooms, interviews, field notes, informal 
interactions with teachers and the MBS (Fennema et al., 1990). Published reliability for the MBS 
(Fennema et al., 1990) came from Cronbach’s alpha on a sampling of 39 teachers in the study 
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and yielded an internal consistency of .93 on the total belief scale (Peterson, Fennema, 
Carpenter, & Loef, 1989).  
The MBS (Fennema et al., 1990) was used at the beginning of this study and then re-
administered at the conclusion of the professional development and job-embedded coaching to 
determine if any changes in beliefs were found.   
Demographic Survey  
Part C of the comprehensive survey was given to all 26 participants and asked 
demographic information regarding teaching and education only. No personal data was collected 
other than the participant’s name. Educational information collected consisted of highest degree 
earned and the type of licensure/s held. Teaching information collected consisted of grades 
taught and years in the teaching profession. These data were used to look for similarities and 
differences in teachers’ education and teaching characteristics.  A full list of questions used in 
the demographic portion of the survey can be found in Appendix C.  
Permission  
Participants gave permission to use their information for research purposes via the online 
survey instrument. The first item of the survey explained the survey purpose, gave contact 
information for questions about the study, and assured participants that they could withdraw 
without penalty (Appendix D). It also stated that by giving their name, they were giving 
permission for their data to be used. Further, participants were assured by survey statement that 
no actual names would be used in written publications and that all data collected would be kept 
confidential by being maintained on a secure server.  
 
 
	   71	  
Interview Instrument 
 The Interview Protocol (Appendix E) was developed by the researcher to gain more 
insight into the teachers’ self-efficacy and beliefs regarding teaching and learning. Specifically, 
the goal of the Interview Protocol was to find out more about if and how teachers use student 
thinking in their instruction. This qualitative tool allowed the researcher to ask specific questions 
about the types of lessons teachers use when teaching math content and how confident they are 
or are not with the content.   
 In addition Question 7 on the protocol asks the interviewee to give a value to 13 phrases 
associated with teaching mathematics. Using a sentence starter, the interviewee filled in the 
phrase and then assigned a point value from 0 to 10 with regard to its importance in fostering 
student understanding of mathematics. A score of 0 indicated very little to no importance, a score 
of 5 indicated moderate importance, and a score of 10 indicated very important.  Teachers used a 
felt board to attach the phrases at specific numeric values.  
 The interview was conducted with the sample group before starting the professional 
development and coaching portion of the study to provide a baseline. At the conclusion of the 
study, the interview was conducted again to note any changes in beliefs or practices.    
Observation Protocol 
 Teachers in the sample group were observed before professional development began. A 
script of teacher statements and questions were recorded. Opportunities provided for students to 
share their thinking were also noted on the observation protocol. These data were then coded 
using the Level of Engagement With Student’s Mathematical Thinking (Franke, Carpenter, Levi, 
& Fennema, 2001) document found in Appendix F to determine a baseline level of teachers’ use 
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of students’ thinking in their classroom. Teachers were categorized as Level 1 – Level 4 using 
the coding document.  
 Following the conclusion of the professional development and coaching, the observations 
were conducted again to determine if any changes in practices or behavior were noted.  The same 
coding document was used to assign a Level 1 – Level 4 to categorize teachers’ use of student 
thinking in the classroom. Data from the pre and post observations were used to document 
changes in instructional practices in the classroom regarding use of student thinking.  
 In addition to the Level of Engagement With Student’s Mathematical Thinking (Franke et 
al., 2001) document another tool was used to determine the levels of engagement with math talk 
in the classroom. The Levels of Math Talk Learning Community: Teacher and Student Action 
Trajectories (Hufferd-Ackles, Fuson, & Sherin, 2004) found in Appendix G was used to get an 
overall sense of the math community as it relates to student thinking in the classroom. Following 
classroom observations, teachers were assigned a level from 0-3 on five different components of 
the math community: teacher role, questioning, explaining of mathematical thinking, 
mathematical representations, and building student responsibility within the community. This 
document was used with both the pre and post observations.  
 For ease of analysis, each teacher’s pre and post observation data were organized into one 
document (Appendix H). Appendix H combined the data from both the Level of Engagement 
with Student’s Mathematical Thinking (Franke et al., 2001) and the Levels of Math Talk Learning 
Community: Teacher and Student Action Trajectories (Hufferd-Ackles et al., 2004).  
Coaching Notes 
Coaching sessions followed the professional development provided to the five sample 
group participants. Coaching consisted of two follow-up sessions with each of the five 
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participants to assist them in analyzing student work and related thinking. In addition, planning 
for the next steps of instruction was also completed during the coaching session. Coaching notes 
were recorded and turned in to the researcher for analysis using the form in Appendix I.    
Time Line of Study 
Table 3.5 outlines the study and includes dates and action items for the study.  
Table 3.5:  
Data Collection and Timeline 
 
 
Date! Action Items!
January 2016! 26 Teachers  invited to take the combined survey via an online format which will consist of the following instruments: 
(Part A-SETMI : Appendix A, Part B-MBS : Appendix B, Part C-Demographic : Appendix C)!
5 teachers volunteered to participate in a small study group of professional development and coaching!
Study group interviewed using the Interview Protocol (Appendix E)!
Pre-observations conducted on study group participants (Appendix F & G)!
 !
 !
February 2016! Teachers began Professional Development on Cognitively Guided Instruction using the following text: !
 !
Carpenter, T.P., Fennema, E., Franke, M.L., Levi, L., & Empson, S.B. (2015). Children’s mathematics: Cognitively 
guided instruction. Heinemann: Portsm!
 !
March – April 15, 
2016!
Teachers were provided ongoing, job-embedded coaching on the following:!
1)  Understanding students’ thinking based on student error analysis, classroom discourse, conversation  
with students, and student writing samples.!
2) Planning the next steps of instruction based on student thinking.  
Coaching observations conducted using Talk Moves Checklist (Appendix I)!
!
 !
April 15 – April 29, 
2016!
Part A and B of the initial survey given in January  re-administered to whole staff. 
The following was also conducted on study group participants: 
Post Interview  completed using same protocol. (Appendix E)  
Post Observations conducted using same scales (Appendix F & G)!
. !
 !
 May 2016! Data Analysis of Survey, Interview and Coaching data. !
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Data Analysis 
Self-Efficacy for Teaching Mathematics Instrument 
Of the 22 questions, items 1-7 look at the construct of a teacher’s self-efficacy for 
mathematical pedagogy. Items 8-22 delve into the construct of self-efficacy for teaching math 
content. The survey uses a 5-point Likert scale for each question to assess how well a teacher 
(from their perspective) can complete the task given in the question.  
Answer choices on the SETMI (McGee, 2012) range from “Hardly at all” to “A Great 
Deal”. Each answer choice was given a numeric value according to the following: Hardly at All= 
1, Very Little = 2, Somewhat = 3, Quite a Bit =4, A Great Deal = 5. A mean score for each 
participant’s responses to questions 1-7 was computed along with an additional mean score for 
questions 8-22. This allows each participant to have an average score for each of the two 
constructs being measured on the SETMI (McGee, 2012). Finally, an overall mean score was 
calculated to determine low, medium or high efficacy for teaching mathematics. Scores falling in 
the 1 – 2.6 range were considered low in self-efficacy. Scores falling between 2.7 and 3.9 were 
considered medium in self-efficacy. Scores falling between 4.0 and above were considered high 
in self-efficacy. 
Mathematics Beliefs Scale  
Responses from the MBS (Fennema et al., 1990) were coded according to the following 
range: A=Strongly Agree, B= Agree, C= Neither Agree or Disagree, D= Disagree, E= Strongly 
Disagree.  Each letter was given a corresponding numeric value (A= 5, B=4, C=3, D=2, E =1). 
Numeric values were given to each teacher response and then added together for a total that was 
divided by 48 (the number of questions on this survey), giving a mean score for each teacher. 
Scores falling in the 1 – 2.6 range were considered low in constructivist beliefs. Scores falling 
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between 2.7 and 3.9 were considered medium in constructivist beliefs. Scores falling between 
4.0 and above were considered high in constructivist beliefs.   
All participants who completed the survey were filtered into the 9-grid (Table 3.2) to get 
an overall picture of the school. In addition, the five participants in the sample group were 
filtered into the 9-grid independently of the rest of the survey participants to determine relevance 
of the sample to the overall school.  
Demographic Survey Data   
Demographic data was compiled to determine similarities among teachers in various 
sections of the 9-grid. Items such as years experience, licensure, grades taught, and certification 
were compared among teachers falling within the same section of the grid.  
Interviews  
Data from teacher responses on the pre interview were summarized by the researcher. 
Participants in the study were provided a copy of the summary for their approval and for the 
opportunity to make any changes they felt did not adequately portray their responses to the 
questions. Data collected from question 7 included a photo of each teacher’s felt board along 
with a chart that included both the value assigned to each phrase and corresponding commentary 
regarding this choice. Commentary from the interview was included with qualitative data and 
was analyzed for themes or trends that occurred. However, values assigned to the phrases on the 
felt board were grouped with quantitative data for analysis.  
Post interview data consisted of a reflection by the teacher. The teacher was again 
provided their summary data from the pre interview. They were asked to read over their choices 
and identify any changes they would like to make based on changes in beliefs or practices.  The 
chart for question 7 included a second column for teachers to assign a “post” value to each 
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phrase. For any values that changed from the pre-interview teachers were asked to explain their 
reasons for the changed value. Pre and Post data from the felt board were analyzed by finding a 
pre and post mean score for each phrase. A mean difference was determined for each phrase to 
analyze changes in beliefs. 
The post interview transcript was included on each teacher’s initial interview summary. 
Teachers were again given the opportunity to approve the summary. Text was analyzed for 
anything that expressed changes in beliefs or practices regarding student thinking.  
Observation Data  
Pre and post observational data were analyzed by determining changes in levels 
according to the Level of Engagement With Student’s Mathematical Thinking (Franke et al., 
2001) document and the Levels of Math Talk Learning Community: Teacher and Student Action 
Trajectories (Hufferd-Ackles et al., 2004) document. During all observation data collection, 
teacher actions and statements were recorded and then coded with a numeric value aligned to 
each of the observation protocols. A level was obtained by taking the average of all coded 
values. Levels of change were determined for each participant with both documents by 
determining the difference between the pre and post observation levels.   
Coaching Notes  
Notes from the final coaching interaction was coded using the Goals for Productive 
Discussions Through the use of Talk Moves Checklist (Chapin, O’Connor, & Anderson, 2009) 
found in Appendix I. Teachers were analyzed on how many different talk moves goals were used 
as well as the frequency with which talk moves were used. These data were used to determine if 
information provided during the professional development on accessing student thinking was 
bringing about changes in classroom practice. To determine changes in practice, pre and post 
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observation data were also coded according to the Goals for Productive Discussions Through the 
use of Talk Moves Checklist (Chapin et al., 2009). Pre-observation data provided a baseline of 
the use of talk moves in the classroom before professional development and coaching began. 
Post-observation data provided data on the continued use of talk moves after the professional 
development and coaching sessions had ended.  
Summary 
There are decades of research on the effect of self-efficacy on mathematics teaching and 
learning. However, this study seeks to add to the literature base by looking specifically at how 
professional development on the use of student thinking to guide instruction impacts teachers’ 
self-efficacy, beliefs, and practices for teaching math in the elementary setting.  
This study included professional development and job-embedded coaching for five 
teachers in an urban elementary school on how to access student thinking and use it for 
instructional decision-making. Data from the beginning survey, interview, and observation were 
compared with data from the post survey, interview, and observation.  These data were examined 
to determine changes in teachers’ beliefs, practices, and self-efficacy for teaching and learning 
mathematics after participating in a professional development study on student thinking.   
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CHAPTER 4: FINDINGS OF THE STUDY 
  
 Data collection for this study included a pre and post survey. The pre survey was 
comprised of the Self-Efficacy for Teaching Mathematics Instrument (SETMI) (McGee, 2012), 
the Mathematical Belief Scale (MBS) (Fennema et al., 1990) and a demographic questionnaire. 
The post survey only included the SETMI (McGee, 2012) and the MBS (Fennema et al., 1990). 
The pre surveys were delivered to all 26 mathematics teachers in the school but six were either 
incomplete or not completed at all. The remaining 20 teachers were included in the data analysis 
for this study and completed both the pre and post surveys.  
From this group of 20, 5 teachers from the same grade level volunteered to participate in 
a professional development/coaching segment on student thinking. Data collection from this 
small sample group included an interview, coaching, and observational data.  
Participants 
 The 20 teachers involved in the survey were all employed at the same urban elementary 
school and represented all grades from Kindergarten through fifth grade. All of the survey 
participants were women. Based on the pre survey data, teachers scored between a high and 
medium on the SETMI (McGee, 2012) and between a medium and low on the MBS (Fennema et 
al., 1990) resulting in their placement into one cell of the 9-grid shown in Table 4.1.  
 The table indicates the number of teachers falling into each category. Blank boxes 
indicate that no teachers from this study fell into that category. The five teachers who 
participated in the professional development phase of this study are identified by the first number 
(on the left) in each box, while the 15 teachers participating in only the survey are represented by 
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the second number in each box. The 9-grid shows that none of the professional development 
participants fell in the High SETMI (McGee, 2012), Medium MBS (Fennema et al., 1990) range; 
however two teachers from the school were in this category. This is the only category not 
represented by someone involved in the professional development.  
Table 4.1 
SETMI and MBS 9-Grid of School Participants 
 
 The Medium SETMI (McGee, 2012), Medium MBS (Fennema et al., 1990) category 
included two teachers from the professional development group and four teachers from the 
general school population of teachers for a total of six teachers.  The High SETMI (McGee, 
2012), Low MBS (Fennema et al., 1990) included two teachers from the professional 
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development group and one teacher from the school set of teachers resulting in three teachers for 
this group. The final category, Medium SETMI (McGee, 2012), Low MBS (Fennema et al., 
1990), included only one teacher from the professional development group yet had the most 
teachers from the general school population of teachers. This group contained a total of nine 
teachers.  
Demographic data were analyzed by each section of the 9-grid in Table 4.2. The asterisks 
in Table 4.2 identify teachers included in the professional development portion of the study. The 
two teachers falling in the High SETMI (McGee, 2012), Medium MBS (Fennema et al., 1990) 
had an average teaching experience of 28 years with an average of 4.5 different grade levels 
taught. In addition both of these teachers held career status certification indicating that they were 
not beginning teachers.  
 The medium SETMI (McGee, 2012), Medium MBS (Fennema et al., 1990) group 
consisted of six teachers. This group averaged 12.6 years of experience with only one teacher 
holding a provisional license. This group taught an average of 2.6 different grade levels.  
 The third group included teachers with a high SETMI (McGee, 2012), Low MBS 
(Fennema et al., 1990) score.  These teachers averaged 7.3 years experience with an average of 3 
different grades taught. Licensure for this group included one provisional license.  
 The final group of teachers had a medium SETMI (McGee, 20120, Low MBS (Fennema 
et al., 1990) score from the survey. This group showed an average 5.7 years of experience and 
the ratio of provisional licenses to career licenses was 6:3, indicating the majority of teachers in 
this group would be classified as beginning teachers.  This group had an average experience in 
only 1.5 different grade levels. It is noteworthy to mention that while most of the teachers in this  
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Table 4.2  
Demographic Analysis of sub groups in 9-Grid 
 
Medium MBS/High SETMI 
  
  
Years Experience Certification Grades Taught 
  
  
28 career/AIG K,1,2,3 
  
  
28 career 1,2,3,4,5 
  
 
                           
average 28 
Provisional to Career 
Ratio  0:2 4.5 grades taught 
  
    
  
  
    
  
Medium MBS/ Medium SETMI 
  
  
2 Provisional 5 
  
  
4 Career PK, 2,3, 
  
 
* 16 Career PK,K,1,2 
  
 
* 14 Career/ESL 1,4 
  
  
10 Career 2.3.4 
  
  
30 career PK, K,1 
  
 
average 12.66666667 
Provisional to Career 
Ratio  1:5 2.6 grades taught 
  
    
  
  
    
  
Low MBS /High SETMI 
  
  
4 Career K,1 
  
 
* 3 Provisional 1,2 
  
 
* 15 Career PK,K,1,2,4 
  
 
average 7.333333333 
Provisional to Career 
Ratio 1:2 3 grades taught 
  
    
  
  
    
  
Low MBS/Medium SETMI
  
  
8 Career K,2 
  
  
1 Provisional 4 
  
  
3 Provisional 3 
  
 
* 1 Provisional 1 
  
  
2 Provisional 5 
  
  
23 Career K,1,2,3 
  
  
9 Career &      Reading 3,4 
  
  
2 Provisional 4 
  
  
3 Provisional K 
  
 
average 5.777777778 
Provisional to Career 
Ratio   6:3 1.55 grades taught 
    w/o outlier 3.625   1.25 grades taught 
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group had similar demographic data, one teacher in the group had 23 years of experience 
appearing to be somewhat of an outlier for the group. Accounting for this outlier yielded a group  
average of 3.6 years of experience and 1.2 grades taught. Only one teacher from the professional 
development study fell in this category. 
Overall, the teachers from this school held mostly elementary certification with very few 
exceptions. Three teachers held additional certifications, which included one in Academically 
Gifted Learning (AIG), one in English Speakers of other Languages (ESL), and one in Reading. 
None of the teachers in this school had Mathematics Specialist certification.   
Research Questions 
 Research questions were analyzed according to the items included in the Research 
Crosswalk (Table 3.1) in Chapter 3 and were directed toward the five participants of the 
professional development/coaching component of the study. School-wide data from the SETMI 
(McGee, 2012) and MBS (Fennema et al., 1990) were used for descriptive purposes of the 
teaching environment and for comparison of the five teachers to the greater school population.  A 
combination of survey, interview, observation, and coaching data were used to answer each 
question: 
1) What are teacher comfort levels in the teaching of mathematics? 
2) What is the likelihood of teachers using student thinking to shape their instruction if 
student success if realized? 
3) What role, if any, do self-efficacy and beliefs play in teachers’ use of student thinking 
to guide instruction? 
4) What role, if any, does professional development on attending to student thinking 
play in… 
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A: increasing teachers’ use of student thinking for making instructional decisions? 
B: changing teachers’ beliefs and practices about mathematics instruction? 
C: increasing teacher efficacy about teaching mathematics? 
 Since this was a mixed-methods study, data analysis with regard to the research questions 
will be looked at through both a quantitative as well as qualitative lens.  
Quantitative Data 
The quantitative data in this study comes from various sources. Quantitative data were 
collected from observation and interview data that were coded and assigned values.  All 
quantitative data were collected before professional development and coaching began and then 
again after the professional development and coaching ended.  In addition, the SETMI (McGee, 
2012) and MBS (Fennema et al., 1990) surveys were conducted pre and post of the professional 
development. 
To gather a baseline, teachers were asked to determine their comfort level for teaching 
mathematics during the pre-interview. Table 4.3 shows both pre and post-interview rankings. 
Only Teacher C showed an increase in mathematics teaching comfort at the post-interview.  
 Pre and post data from the SETMI (McGee, 2012) were also analyzed in terms of 
changes in teachers’ comfort in teaching mathematical content. The two parts of the SETMI 
(McGee, 2012) seek to quantify a teacher’s efficacy for teaching mathematics. A t-test for 
independent samples was run comparing teachers in the sample group (n=5) who participated in 
professional development and coaching to those who only took the survey (n=15).  
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Table 4.3 
Pre and post teacher self-assessment of teaching mathematics 
 
 Data for the results of the independent t-test can be found in Table 4.4. No significant 
differences were found between means for the two groups on either the pre or post-tests. 
 
 
Teacher' Pre)Interview'Ranking' Post)Interview'Ranking'
!Teacher!A! 8! No!change!
Teacher!B! 8! No!change!
*Teacher!C! 6! 7!
Teacher!D! 6! No!change!
Teacher!E! 8! No!change!
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Table 4.4 
Results of Independent t-test 
  
Table 4.5 itemizes the sample group’s (n=5) scores on Part 1 and 2, as well as their 
overall score on the SETMI (McGee, 2012). Part 1 of the SETMI (McGee, 2012) deals with 
efficacy for pedagogy in mathematics. Essentially, this part of the survey deals with the art and 
science of teaching.  Two of the five teachers remained unchanged in Part 1 of the SETMI 
(McGee, 2012), one went down and two went up. Part 2 of the SETMI (McGee, 2012) deals with 
the teacher’s efficacy for teaching mathematical content. Teachers in the study group consisted 
of three teachers going down and two teachers going up on this component of the SETMI 
(McGee, 2012).  
 
Eﬃcacy&for&
Pedagogy&in&&
Mathema4cs&
(EPM)&
Eﬃcacy&for&
Teaching&&
Mathema4cs&
(ETMC)&
Pre&
SETMI<&
Part&1&
Post&
SETMI<&
Part&1&
Pre&
SETMI<&
Part&2&
Post&&
SETMI<&
Part&2&
Overall&
Pre&
SETMI&
Overall&
Post&&
SETMI&
Sample&
Group&&
n=&(5)& 4.14& 4.08& 3.95& 3.87& 4.02& 3.93&
Survey&&
Only&Group&
N=&(15)& 4.75& 3.93& 3.44& 3.8& 3.55& 3.84&
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Table 4.5 
Results of pre and post SETMI scores 
 
  When looking at the overall SETMI (McGee, 2012), only two teachers, Teacher C and 
Teacher E showed positive gains in overall efficacy after participating in the professional 
development on student thinking. Teacher C showed the greatest increase in her overall efficacy 
score and was also the one who self-reported a higher ranking related to general comfort in 
teaching mathematics during the post interview.   Although the changes on the SETMI (McGee, 
2012) were not deemed significant, data from the survey did have important implications as it 
relates to beliefs. 
SETMI&
Pre*
Part&1&
SETMI&
Post*&
Part&1&
SETMI&
Part&1&
Diﬀ&
SETMI&
Pre*&
Part&2&
SETMI&
Post*&
Part&2&
SETMI&
Part&2&
Diﬀ&
SETMI&
Pre*&
Overall&
SETMI&&
Post*
Overall&
SETMI&
Overall&
Diﬀ&
Teacher&
A& 3.71& 4& +0.29& 3.8& 3.66& *0.14& 3.77& 3.75& *0.02&
Teacher&
B& 4.71& 4& *0.71& 4.46& 4& *0.46& 4.55& 4& *0.55&
Teacher&
C& 4.14& 4.14& No&change& 4& 4.26& +0.26& 4.05& 4.22& +0.17&
Teacher&
D& 4.14& 4.14& No&change& 3.8& 3.66& *0.14& 3.91& 3.81& *0.10&
Teacher&
E& 4& 4.14& +0.14& 3.73& 3.8& +0.07& 3.82& 3.9& +0.08&
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 Very closely tied to self-efficacy are teacher beliefs. Table 4.6 shows changes from pre to 
post on both the SETMI (McGee, 2012) and MBS (Fennema et al., 1990). The MBS (Fennema et 
al., 1990) portion of the survey looks at teacher beliefs. According to the chart only two teachers 
had a positive change in beliefs and the group as a whole had a positive change of .074. Teacher 
B had the greatest change in beliefs (+.93) on the MBS (Fennema et al., 1990) and most likely 
accounts for the positive average change for the group. Without her score, the group as a whole 
would likely have had a negative average.  
 Teacher C, the one who self-reported an increase in efficacy for teaching mathematics, 
not only had a positive change in the SETMI (McGee, 2012) but also in the MBS (Fennema et 
al., 1990). She was the only teacher with an increase in both the SETMI (McGee, 2012) and 
MBS (Fennema et al., 1990).  
Table 4.6 
Teacher changes from pre to post on SETMI and MBS 
 
Study&Par*cipant&
SETMI&
(eﬃcacy)&
MBS&
(beliefs)&
Teacher&A& >.02& >.06&
Teacher&B& >.55& +.93&
Teacher&C& +.17& +.11&
Teacher&D& >.10& >.29&
Teacher&E& +.08& >.32&
Average&Change& >.084& +.074&
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 Table 4.7 shows how the results of pre and post-test survey data filtered teachers into the 
9-grid. Teacher B maintained her high efficacy in the grid despite a decrease from pre to post on 
the SETMI (McGee, 2012). However, she moved from low to medium on the MBS (Fennema et 
al., 1990) resulting in a move up in the post-survey 9 grid shown at the bottom of Table 4.7. 
Teachers A and E also moved locations in the post-survey 9 grid. Teacher A had a negative on 
both the SETMI (McGee, 2012) and MBS (Fennema et al., 1990) post-survey which resulted in 
remaining in the medium efficacy category but a move to the low beliefs category. Similarly, 
Teacher E, who had a small positive (+.08) on the post-survey SETMI (McGee, 2012) but a 
 
Table 4.7 
Study Participants Pre and Post Survey 9-Grid Comparison on SETMI and MBS 
 
Study&Par*cipants&in&Pre1Survey&91Grid&on&SETMI&
High&&
(4&and&up)&
Medium&
(2.7&–&3.9)&
Low&
(1&–&2.6)&
M
at
he
m
a*
cs
&B
el
ie
f&&
Sc
al
e&
High&&
(4&and&up)&
Medium&
(2.7&–&3.9)&
&
Teacher&A&
Teacher&E&
Low&
(1&–&2.6)&
&
Teacher&C&
Teacher&B& Teacher&D&
Study&Par*cipants&in&Post1Survey&91Grid&on&SETMI&
High&&
(4&and&up)&
Medium&
(2.7&–&3.9)&
Low&
(1&–&2.6)&
M
at
he
m
a*
cs
&B
el
ie
f&&
Sc
al
e&
High&&
(4&and&up)&
Medium&
(2.7&–&3.9)& Teacher&B&
Low&
(1&–&2.6)& Teacher&C&
Teacher&A&
Teacher&E&
Teacher&D&
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score of -.32 on the MBS (Fennema et al., 1990), resulted in the same placement in the post-
survey 9 grid as Teacher A. Data from the difference in the pre and post survey were not found 
to be significant.   
 From this data it could be concluded that participation in the professional development 
and coaching on student thinking did not significantly affect the teachers’ self-efficacy or beliefs 
regarding mathematics instruction.  Further, interview data from the felt board activity shown in 
Table 4.8 might also confirm that changes in beliefs were not found to be significant either.  
Table 4.8 
Felt Board Activity Pre and Post Mean Scores 
 
Interview)Felt)Board)Ac2vity)Phrases)
Mean))
Pretest))
Score)
Mean)
Pos9est)
Score)
Pre)and))
Post)Score)
Diﬀerences)
1.)Engaging)in)problem)solving) 9.6) 9.8) 0.2)
2.)Problems)requiring)mul2ple)solu2on)paths) 8) 8.8) 0.8)
3.)Providing)direct)instruc2on) 7.6) 8) 0.4)
4.)Teaching)one)skill)at)a)2me) 4.4) 5.2) 0.8)
5.)Students)gePng)the)correct)answer) 5.2) 6.2) 1)
6.)The)“process”)for)gePng)an)answer) 9) 8.6) T0.4)
7.)Engaging)in)class/group)discussions)of)solu2ons) 8) 8.2) 0.2)
8.)Students)explaining)their)thinking) 9) 9.2) 0.2)
9.)Using)the)district)pacing)guide) 5.8) 5.8) 0)
10.)Teachers)planning)and)an2cipa2ng)student)thinking)) 8.4) 8.8) 0.4)
11.)Using)manipula2ves) 9.8) 9.8) 0)
12.)Using)calculators) 2.8) 2.8) 0)
13.)Teaching)algorithms) 4.2) 5) 0.8)
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 To assess changes in beliefs, the pre and post interview included an activity designed to 
have teachers give a number value to various mathematical belief statements. The possible range 
for each statement was 0 – 10, with 0 indicating not important at all and 10 being of utmost 
importance. Table 4.8 summarizes teacher belief mean scores at the pre and post interviews. 
Differences in mean scores were included in the final column of the table. The statements with 
the greatest difference from pre to post interview are shaded in the final column.  
 Statements 1,2,6,7,8,10 and 11 from the table would typically be associated with teachers 
who believe in a more conceptual approach to learning mathematics. All of the remaining 
questions would typically be associated with teachers who believe direct instruction is necessary 
for the learning of mathematical ideas. Interestingly, three of the questions (4, 5 and 13) with the 
highest change are from the latter category. It should be noted that while these seemingly 
increased in importance, the overall value for each remained relatively low on the scale with a 
score of 5.2, 6.2, and 5 respectively. In contrast, all the statements from the first category had 
scores that were between the 8 and 10 range, indicating that these items were of most importance  
at both the pre and post interview. These data therefore do not provide very much insight into 
changed beliefs because of participation in the professional development.  
 However, the coaching and observational data provided more insights into whether or not 
participation in the professional development on student thinking had impacted teachers’ beliefs 
and ultimately practices regarding mathematics instruction.  Table 4.9 outlines the use of one 
strategy called Talk Moves (Chapin et al., 2009), which was incorporated during the professional 
development and coaching sessions to help teachers gain access to student thinking. The chart 
outlines each teacher’s use of Talk Moves (Chapin et al., 2009) during the pre-observation, 
during the coaching segment, and during the post observation. The chart indicates that each 
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teacher scored an average of 0 to 0.6 on the use of the four Talk Moves (Chapin et al., 2009) 
goals during the pre-observation, indicating little to no use of this strategy to gain access into 
student thinking.     
The highest use of Talk Moves (Chapin et al., 2009) on all four goals was witnessed 
during the coaching segment of the study. Coaching followed professional development on the 
use of Talk Moves (Chapin et al., 2009) for gaining access to student thinking in the classroom. 
During the coaching segment, the coach worked with each teacher in their own classroom to help 
them find more ways to incorporate Talk Moves (Chapin et al., 2009) into their mathematics  
Table 4.9 
Talk Moves Observation Data 
 
Goal%1:%
Help%Students%Clarify%
Their%Own%Thoughts%
Goal%2:%
Help%Students%Orient%to%
the%Thinking%of%Others%
Goal%3:%
Help%Students%Deepen%
Their%Own%Reasoning%
Goal%4:%
Help%Students%
Engage%With%Others’%
Reasoning%
Talk%Moves%in%Pre%ObservaHon%
Teacher'A'
Teacher'B'
Teacher'C'
Teacher'D'
Teacher'E'
Average'per'goal'
0'
2'
0'
1'
0'
0.6'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
0'
2'
0'
0.4'
Talk%Moves%During%Coaching%
Teacher'A'
Teacher'B'
Teacher'C'
Teacher'D'
Teacher'E'
Average'per'goal'
3'
4'
2'
7'
2'
3.6'
2'
4'
2'
2'
0'
2'
1'
3'
1'
1'
10'
3.2'
2'
3'
1'
5'
0'
2.2'
Talk%Moves%in%Post%ObservaHon%
Teacher'A'
Teacher'B'
Teacher'C'
Teacher'D'
Teacher'E'
Average'per'goal'
3'
2'
2'
2'
0'
1.8'
1'
2'
2'
3'
0'
1.6'
0'
3'
0'
0'
0'
0.6'
0'
4'
0'
0'
1'
1'
Diﬀerence%between%use%of%Talk%
Moves%in%Pre%ObservaHon%vs.%
Post%ObservaHon%
1.2' 1.6' 0.6' 0.6'
Diﬀerence%between%use%of%Talk%
Moves%during%PD/Coaching%vs.%
use%during%Post%ObservaHon% <1.8' <0.4' <2.6' <1.2'
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instruction. Each teacher worked with the coach to increase use of at least one Talk Moves 
(Chapin et al., 2009) goal. Coaching notes verified the highest use of Talk Moves (Chapin et al., 
2009) as seen in Table 4.9. Every teacher except Teacher E used strategies from all four goals 
during the coaching component of the professional development. Teacher E used strategies from 
two of the four goals during her coaching time. During the coaching portion of the study the 
range on each of the Talk Moves (Chapin et al., 2009) goals grew to an average of 2 to 3.6. 
Although the use of each goal decreased from the coaching portion of the study to the 
post-observation, it is worth noting the increase from pre to post-observation. The range of use 
on each goal increased to an average of 0.6 to 1.8, indicating that teachers were engaging with 
this strategy as a way to gain access into student thinking on their own in the classroom even 
after the professional development and coaching had ended. Goal 1 and Goal 2 showed the 
greatest increase in use, which stands to reason since these two goals are the building blocks to 
goals 3 and 4. Even though it is difficult to quantify changes in beliefs based solely on 
professional development and coaching, data from Table 4.9 do suggest a change in practice. 
 Additional data to support possible changes in beliefs and certainly changes in practice 
came from observations using two different observation protocols. Data collected in Table 4.10 
came from classroom observations before professional development was offered and then again 
at the end of the study using these two protocols. The scales were used to quantify the use of 
student thinking in practice. Both protocols assess teachers’ level of using student thinking 
during mathematics instruction. The Levels of Engagement Scale (Franke et al., 2001) assigns a 
level of 1-4 related to the teacher’s use of engaging and extending student thinking during the 
mathematics lesson. Qualitative data such as teacher actions and commentary were coded using a 
scale of 1-4 to match the levels on this scale. The Math Talk Community Scale (Hufferd-Ackles 
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et al., 2004) assigns a level of 0-3 to assess the classroom environment as a place where student 
thinking is part of a larger learning community. Again, qualitative data were coded using a scale 
of 0-3 to match levels on the scale.  
 All teachers in the study showed a positive gain in the Levels of Engagement Scale 
(Franke et al., 2001) from their pre to post observation. The overall average gain for the team of 
five teachers was 1.394.  All teachers except Teacher D showed a positive gain from pre to post 
observation on the Math Talk Community Scale (Hufferd-Ackles et al., 2004). The overall 
average gain for the team was 0.8.  When comparing this data to the data in Table 4.6, Teacher D  
Table 4.10 
Differences in Observations Scales from pre to post 
 
Diﬀerence(from(Pre(Observa2on(to(Post(Observa2on(
Levels(of(Engagement(scale( Math(Talk(Community(Scale(
PRE( POST( Diﬀerence( PRE(( POST( Diﬀerence(
Teacher(A( 1.66( 3.33( 1.66( 0.2( 1( 0.8(
Teacher(B( 1.33( 3( 1.66( 0.2( 1.6( 1.4(
Teacher(C( 2( 3.66( 1.66( 0.4( 1.4( 1(
Teacher(D( 1( 1.66( 0.66( 0.2( 0( K0.2(
Teacher(E( 1( 2.33( 1.33( 0( 1( 1(
Average(
for(Team(
1.394( 0.8(
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had the lowest gains of all teachers in the observation, and she was one of only two teachers who 
had a negative in both the SETMI (McGee, 2012) and the MBS (Fennema et al., 1990). The 
other teacher with a negative in both the SETMI (McGee, 2012) and MBS (Fennema et al., 
1990), Teacher A, had one of the higher gains in the Levels of Engagement Scale (Franke et al., 
2001) but along with Teacher D was one of the lowest in the Math Talk Community Scale 
(Hufferd-Ackles et al., 2004). 
 Cross-referencing Table 4.6 and 4.10 can help yield additional information in the 
answering of whether or not self-efficacy and beliefs impact the use of student thinking to guide 
instruction. The highest efficacy increase as indicated by the SETMI (McGee, 2012) in Table 4.6 
was held by Teacher C, and she was also one of only two teachers with a positive gain on the 
MBS (Fenema et al., 1990). Teacher C’s data from Table 4.10 shows she tied two other teachers 
for the highest gains in the Levels of Engagement Scale (Franke et al., 2001). She also had one of 
the highest scores on the Math Talk Community Scale (Hufferd-Ackles et al., 2004). Similarly, 
Teacher B, who had the highest gain on the MBS (Fennema et al., 1990) tied two other teachers 
for the highest gains in the Levels of Engagement Scale (Franke et al., 2001) and had the highest 
gain on the Math Talk Community Scale (Hufferd-Ackles et al., 2004). Both Teacher B and C 
were the only two teachers who demonstrated positive gains in beliefs and also ranked at the top 
of changes in both observed instructional practices that support the use of student thinking to 
guide instruction.  
 Of note, despite being at the top of gains in the Levels of Engagement Scale (Franke et 
al., 2001) and the Math Talk Community Scale (Hufferd-Ackles et al., 2004), Teacher B had the 
highest negative change in efficacy on the SETMI (McGee, 2012). Yet, she was the only teacher 
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in Table 4.9 who was above the average in the use of every Talk Move goal during the coaching 
portion of the study and during the post observation.  
 These observational data would suggest that teachers made changes to their classroom 
instruction that included the use of student thinking for instructional planning despite efficacy 
and belief survey data finding no significant change from pre to post survey.  
 In summary, three different sources of quantitative data were collected from the five 
teachers who participated in the professional development and coaching portion of this study.  
SETMI (McGee, 2012) survey data showed an increase in efficacy with two teachers while the 
other three showed a decrease. The MBS (Fennema et al., 1990) data showed an increase in 
beliefs with two teachers while the other three showed a decrease. Of special interest from the 
survey data, Teacher C was the only teacher to show an increase in both the SETMI (McGee, 
2012) and MBS (Fennema et al., 1990). Data from the SETMI (McGee, 2012) and MBS 
(Fennema et al., 1990) did not show significant changes in efficacy or beliefs.  
 Interview and observational data aligned with survey data. Teacher C was the only 
teacher who self-reported a higher comfort level for teaching mathematics at the post interview 
and she also had the highest gain in efficacy on the post SETMI (McGee, 2012). Teacher B had 
the highest gains in beliefs on the post MBS survey.  Teacher B and C were both included with 
the teachers demonstrating the highest changes in practices on the observation data from the Talk 
Moves Checklist (Chapin et al., 2009), the Levels of Engagement Scale (Franke et al., 2001), and 
the Math Talk Community Scale (Hufferd-Ackles et al., 2004). 
 Quantitative data presented in this section provided information about efficacy and 
beliefs. In addition this data suggested a relationship between professional development and 
practice. However, qualitative data provided in the following section provided the most insight 
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into the role of professional development on beliefs and use of student thinking for instructional 
decision-making.   
Qualitative Data Analysis 
 Qualitative data consisted of teacher post interview data. Post interview data generated 
specific recurring themes between beliefs and practice because of professional development on 
attending to student thinking. Table 4.11 presents quotes from teachers during the post 
interviews. Whether explicitly stated or implied, all five teachers expressed the use of student  
Table 4.11 
  Teacher Quotes About Using Student Thinking for Making Instructional Decisions 
 
!
Teacher!
Name!
Quotes!About!Use!of!Student!Thinking!for!Instruc:onal!Decision=Making!
Teacher!A! “Student!thinking!has!become!very!important!to!me!as!a!result!of!this!PD!because!when!I!
hear!what!they!are!thinking!I!can!see!where!the!misconcep:ons!are!which!helps!me!plan!
beEer”!
Teacher!B! “I!feel!like!I!always!knew!there!was!something!out!there!(more!construc:vist!type)!but!I!
just!didn’t!know!how!to!do!it.!Now!I!do!so!I!am!using!the!strategies,!especially!the!talk!
moves.!I!have!learned!to!wait!and!I!can!see!that!this!has!beneﬁted!my!students.”!
Teacher!C! “I!have!found!a!beEer!way!to!form!my!groups!based!on!student!thinking.!Now!I!do!a!
:cket!out!the!door!aPer!my!lesson!and!use!these!:ckets!to!form!my!math!groups!on!the!
spot.I!have!created!my!own!recording!sheet!with!the!math!:ckets!which!serves!as!my!
plan!for!the!groups.!This!way!I!can!look!back!and!see!what!skills!or!strategies!I!have!
worked!on!with!which!kids.”!
“Watching!the!coach!and!seeing!my!students!get!it!gave!me!the!conﬁdence!to!try!I!and!I!
felt!like!I!needed!to!start!doing!something!like!that!in!my!small!groups.!I!learned!
ques:oning!skills!to!elicit!their!thinking!that!I!had!not!used!before.”!
Teacher!D! “I!now!use!ﬂexible!groups!based!on!student!thinking!from!the!day!instead!of!
predetermined!ones!based!on!pretest!data.”!
“I!feel!like!I!always!ques:oned!students!a!lot!but!could!not!get!them!to!listen!to!each!
other.!Now!I!realize!I!never!taught!them!how.”!
Teacher!E! “Based!on!students!thinking!and!sharing,!I!can!an:cipate!bends!in!the!road!and!think!
ahead!what!students!may!struggle!with.!So!I!plan!for!other!ways!to!help!guide.”!
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thinking as an important part of their planning for mathematics instruction because of knowledge 
learned in the professional development and/or coaching sessions.  
 Teacher A stated that attending to student thinking has helped her see where 
misconceptions are which has resulted in better lesson planning. She mentioned that she now 
plans for mistakes the students might make because listening to their thinking gives her insights 
she did not previously have access to. She went on to say that her classroom community had 
changed because now students were listening to what others were saying. 
 Teacher B discussed the use of Talk Moves (Chapin et al., 2009), one of the professional 
development topics covered, as a benefit to her students. This teacher mentioned she just didn’t 
“know how to do it” when referring to the talk moves. However, after participating in the 
professional development and coaching she stated that she now knows what to do and “uses the 
strategies” with her students. She specifically discussed the use of “wait time” as a benefit to her 
students. By allowing them time to think, students are sharing their ideas more freely with the 
class.  
 Teacher C mentioned the use of improved questioning skills to elicit student thinking that 
was learned during one of the coaching sessions. She mentioned that she had always asked  
questions but they were not geared toward eliciting student thinking. They were mostly directed 
at getting an answer. She stated that watching the coach with her students, and seeing them “get 
it” made her confident enough to at least give it a try. Because of the skills and strategies 
learning in the professional development and coaching, this teacher totally revamped how she 
pulled small groups for math. Previously she had used pretest data to form groups. She now pulls 
“on the spot” groups based on student thinking. She took this one step further and created a 
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recording sheet to document which groups were being pulled and what strategies they were using 
so that she could determine her next steps for instruction.  
 Teacher D stated that she too had dropped her grouping by pretest and instead uses “in-
the-moment” data based on student thinking from the lesson to form small groups for instruction.  
Her biggest take away was that she was asking the types of questions that would elicit student 
thinking, however, she was the only one listening. The students were not listening to each other 
and through the professional development and coaching she realized she had never taught them 
“how” to listen to each other.  
 Teacher E discussed how using student thinking has equipped her to anticipate student 
errors and plan ahead for these errors.  She mentioned that previously she prepared her lessons 
and taught them. Afterwards, she would pull groups to remediate or correct misconceptions. She 
stated that because of the coaching and professional development she realized this was 
backwards. She now plans for “bends in the road” and tries to anticipate student errors before 
teaching in order to be prepared for helping students move forward in their learning.  
 A common theme from the interviews was that instructional planning had changed 
because of attending to student thinking as a direct result of the professional development and 
coaching. Teachers mentioned using specific strategies to elicit student thinking such as wait 
time or asking students to restate what another student had said. Teachers also mentioned a 
change in planning practices. Some teachers were now planning for student errors because of a 
better understanding of their students’ thinking. Others were reshaping their groups of students 
based on misconceptions or even based on which strategies were being used. Interview data 
supported the idea that professional development and coaching on attending to student thinking 
could have a role in changing teachers’ beliefs and practices. 
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 Another facet of the study was to determine what role student success might have on 
teachers’ use of student thinking to shape their instruction. Each teacher believed their 
participation in the professional development and coaching had positively impacted their ability 
to attend to student thinking which ultimately had impacted students’ success with story 
problems. Teacher A, C and E all specifically credited the professional development as a reason 
for increased student success. Teacher C and D both directly cited the coaching portion of the  
study as a reason for noticing student thinking as well as student success.  
 Table 4.12 lists some of the quotes from teachers that are directly related to student 
success. Although the teachers are talking about the successes of their students they also mention 
changes in themselves. As they mention student success they talk about what they are doing 
differently or what they will do differently in the future.   
For example, Teacher A says that indeed her students are being more successful, but in  
the same breath states that it is because she is “planning better lessons because of listening to 
their thinking.”  She also mentioned that students are now more comfortable sharing their 
strategies and are more likely to use proper mathematical vocabulary when sharing.  She credited 
the story problems created during their professional development as important to her 
instructional planning. The team of teachers carefully created problems that started with easier 
types first and grouped them together. Before attending the professional development she never 
paid very much attention to the class or type of problem. Now she groups the same types of 
problems together until the students are ready to move on to more difficult problems.  
Teacher B was new to the grade level and was not sure whether or not students were 
being “more” successful than before. However, she did acknowledge that the sharing of 
strategies with the story problems was helping students succeed. She determined that her 
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students were “getting it” and stated that she would be starting these types of problems much 
earlier the next school year. 
Table 4.12 
 Teacher Quotes About Student Success 
  
Teacher C also discussed the work with story problems during the professional 
development. She stated that watching the coach working with students in small groups with the 
story problems was very beneficial. She could see that it was “really working”. She noticed the 
students were being much more successful with these problems than they were before she 
participated in the professional development.  She mentioned that she had to acknowledge that 
students come to the problems in many different ways and many are not “her” way. She has 
!
Teacher!
Name!
Quotes!About!Student!Success!
Teacher!A! “Students!are!being!more!successful!because!I!am!planning!be;er!lessons.”!
“They!seem!more!comfortable!trying!and!sharing!their!strategies!and!their!
vocabulary!has!improved!when!they!explain!their!ideas!as!well.”!
“I!feel!like!we!have!a!stronger!community!for!learning.”!
Teacher!B! “This!is!my!ﬁrst!in!in!this!grade!so!I!have!no!baseline!for!whether!or!not!the!
students!are!doing!be;er!than!before,!however,!I!do!feel!the!frequent!exposure!
to!sharing!student!thinking!to!the!story!problems!is!helping!the!students!be!
more!successful!with!them.”!“Next!year!I!will!start!the!CGI!problems!on!day!1!
because!I!see!the!value.”!“My!students!are!geKng!it!”!
Teacher!C! “I!am!not!having!to!say!to!myself!as!much,!“Why!aren’t!they!geKng!this?”!
“I!feel!like!my!students!are!deﬁnitely!more!successful!with!story!problems!than!
they!were!before!parPcipaPng!in!this!PD.”!“Seeing!my!students!actually!ﬁguring!
out!the!acPon!made!me!realize!how!much!this!is!helping!them!on!the!word!
problems.”!“Students!are!being!successful!in!their!own!way!–!not!my!way.”!
Teacher!D! “The!coach!helped!me!see!things!in!my!students!that!I!didn’t!see!before.!I!can!
use!these!things!to!help!students!get!to!the!next!level.”!“!I!am!collecPng!student!
work!every!so!oUen!to!see!how!their!strategies!are!evolving.”!
Teacher!E! “My!students!are!being!more!successful!with!story!problems!now!because!of!
what!I!learned!in!the!PD.”!
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learned that this is okay. Her big take away was seeing the students figuring out the action and 
then acting it out made her realize what she had been missing. She is no longer having to ask 
herself, “Why aren’t they getting this?”  She credits her participation in the professional 
development as helping her understand the problems herself as well as how students will think 
about them.  
Teacher D stated that having the coach come into her room and work with her students 
helped her see how to get her students to the next level. She collects work samples now, not just 
for the sake of having work samples, but to see how student strategies are evolving. 
Understanding their thinking is helping her push her students to the next level. Additionally, she 
mentioned that her students are not only listening and understanding what others are saying, but 
are actually building on it. She feels that this has increased the level of discussion in her room.   
Teacher E also talked about her students being more successful with the story problems 
because of what she had learned in the professional development. For her, their talking helps her 
know what to do next instructionally. She mentioned that she has come to realize the “power of 
these small group conversations.”  
A common theme associated with student success was that teachers too were learning. 
Each teacher credited the work on story problems during professional development as a direct 
link to student success. Teachers were able to work with the different story problems during the 
professional development in order to understand the student thinking and associated strategies 
typically used for solving them. Having the coach come in and model working with students on 
the story problems was powerful. Teachers saw the students being successful and bought in to 
the idea that they could do it too. Teacher C talked about the first time the coach came in to 
model with a story problem and there were no numbers in the problem. She mentioned 
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specifically thinking, “What? How is this going to work?” Now she says that she starts all 
problems in this way so the students can focus on the action rather than the numbers. 
Qualitative data from the post interviews indicates that teacher beliefs and practices were 
impacted because of their participation in the professional development and coaching on the use 
of student thinking to guide instruction. Teachers self-reported changes in practice because of 
increased knowledge but also because of witnessed student success.  
This qualitative data aligns with previously discussed quantitative data collected during 
post observations. Just as all teachers reported instructional changes in their classroom, 
quantitative data from both the Talk Moves Checklist (Chapin et al., 2009), and the Levels of 
Engagement Scale (Franke et al., 2001) illustrated increased behaviors associated with teachers’ 
use of student thinking to guide instruction in the classroom.  
Putting it all Together 
 This chapter presented data analysis from pre and post surveys, observations, interviews 
and coaching notes as they pertained to the research questions. While quantitative data did not 
show significant increases related to teacher efficacy or beliefs, qualitative data brought to light 
certain themes and insights to answer the research questions.  
 Although significant changes in self-efficacy were not seen in this study based on survey 
data, changes in beliefs and practice were documented both quantitatively and qualitatively. 
Quantitative data from the Levels of Engagement Scale (Franke et al., 2001) showed that all 
teachers increased in their use of strategies to elicit student thinking in the classroom after 
participating in professional development. In addition, all but one teacher increased their level on 
the Math Talk Community Scale (Hufferd-Ackles et al., 2004), indicating a change in classroom 
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dynamics to include more student talk. Interview data supported these observed changes in belief 
and practice. 
 This study illustrated both quantitatively and qualitatively that there is potential for 
changes in practice related to professional development and coaching on student thinking.  
Quantitative data from observations showed distinct changes in practice that paralleled what was 
being taught in the professional development sessions. Teacher statements during the interview 
also confirmed changes in beliefs and practice because of participation in professional 
development and coaching on student thinking.  Teachers repeatedly stated that the changes were 
a direct result of the professional development or coaching.  
 Teacher perception of student success was another factor that impacted teacher behavior. 
As teachers noted student success they began to make changes in their instructional practices. 
Interview data supported the idea that teachers made changes in instructional planning because 
students were being successful with story problems.  
 Using a mixed methods approach of data collection in this study allowed the researcher to 
dig deeper into what affects teacher self-efficacy and beliefs for teaching mathematics. While 
formal survey data did not produce significant findings regarding self-efficacy and beliefs, 
notable ideas emerged regarding the role of professional development and coaching for bringing 
about changes in beliefs and practice for instructional decision-making.  
 
 
 
 
	   104	  
 
 
CHAPTER 5: DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 
 The purpose of this study was to explore the relationship among mathematical content 
knowledge for teaching (MKT) as it relates to student thinking and self-efficacy/beliefs. 
Specifically, the researcher was looking to see what role professional development and coaching 
might have on efficacy and ultimately classroom practice. As participants grew in their 
knowledge of student thinking through professional development and coaching, what role might 
student success have on teacher efficacy, beliefs, and practice was an additional area of interest.    
Study participants were involved in a 2 month professional development and coaching 
study on attending to student thinking for instructional decision-making.  Coaching sessions 
followed professional development in each teacher’s classroom. Figure 1.1 illustrates the 
proposed interplay between student thinking, professional development (MKT) and self-efficacy 
and beliefs. It was the hope of the researcher that the following research questions could be 
answered through, surveys, observational data, coaching, and interviews.   
1) What are teacher comfort levels in the teaching of mathematics? 
2) What is the likelihood of teachers using student thinking to shape their instruction if 
student success if realized? 
3) What role, if any, do self-efficacy and beliefs play in teachers’ use of student thinking 
to guide instruction? 
4) What role, if any, does professional development on attending to student thinking 
play in… 
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A: increasing teachers’ use of student thinking for making instructional decisions? 
B: changing teachers’ beliefs and practices about mathematics instruction? 
C: increasing teacher efficacy about teaching mathematics? 
 
 
Figure 1.1 
           
Adapted from Susan Friel, Comps Defense Meeting, October 8, 2015 
 
Data from the pre and post surveys on the Self-Efficacy for Teaching Mathematics 
Instrument (SETMI) (McGee, 2012) and the Mathematics Belief Scale (MBS) (Fennema et al., 
1990) did not produce evidence of significant changes in either efficacy or beliefs. While there 
appeared to be no significance found it should be mentioned that several teachers did show 
positive gains in self-efficacy and beliefs. However, some teachers in the group did experience 
losses in self-efficacy and beliefs.  
Mathema.cal	  
Knowledge	  for	  
Teaching	  (MKT)	  
Self-­‐Eﬃcacy/	  
Beliefs	  
Student	  Thinking	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Interestingly, although no significant changes were found in self-efficacy and beliefs on 
the survey, changes in instructional practice were seen. Using a pre and post observation 
checklist teachers were analyzed and assigned a level according to their use of student thinking 
in their classroom instruction. Notable increases were found from the pre to post observation. 
However, the greatest difference was found between the pre-observation and the 
coaching/observation, indicating that professional development and coaching were having an 
impact on instructional decision-making.  Although teachers decreased in their use of student 
thinking from the coaching/observation to the post observation, it is worth noting that all 
teachers increased from their pre to post-observation in their level of use.  
The interviews seemed to corroborate data from the surveys and observations. However, 
because of the qualitative nature of the information, it was much easier to note changes in beliefs 
and practices. When self-reporting about their confidence in teaching mathematics, only one 
teacher indicated a higher number from pre to post interview. Incidentally, this same teacher was 
the only one of the five who also had a positive increase in efficacy on both the SETMI (McGee, 
2012) and MBS (Fennema et al., 1990).  
All teachers reported in the post interview that the professional development and 
coaching on student thinking had impacted how they viewed teaching story problems. Again, 
this data was substantiated by increased levels on the post observation checklist. Narrative data 
from the interviews specifically cited the professional development and/or coaching as a reason 
for changes in their classroom practice.  Although many of these teachers had a negative change 
in their self-efficacy and beliefs on the surveys, they still made instructional changes in their 
classroom. This may suggest that while self-efficacy matters, it may not be as important as other 
factors, such as professional development with coaching, for effecting change.   
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One final area of research for this study was the impact of student success as an impetus 
for change. Qualitative data again provided insight into this question. Teachers stated explicitly 
that they noticed how much better students were doing with story problems. They were quoted as 
saying that watching the coach work with student thinking and seeing the success of their 
students made them want to try it for themselves. Teachers indicated that using student thinking 
and understanding the student strategies helped them make better instructional decisions for their 
students.  
Literature Review Connections 
 Years of research literature suggest that there are many sources that work in conjunction 
to either help or hurt a teacher’s efficacy (Bandura, 1997; Henson, 2001; Protheroe, 2008; Stein 
& Wang, 1988; Tschannen-Moran & McMaster, 2009;, Tschannen-Moran & Woolfolk Hoy, 
2007). This study seemed to support this notion. Survey data suggested that only two teachers 
increased in efficacy and two in beliefs. This means that three teachers decreased in both of these 
areas. While all teachers demonstrated changes in classroom practice it did not seem to coincide 
with their survey results. According to the research of Tschannen-Moran and McMaster (2009) 
the stress of being in a new learning situation can cause efficacy to dip. However, data from this 
study indicates that this efficacy dip does not always mean changes in practice do not occur.  
 Another area of research on efficacy comes from the work of Jerald (2007). His research 
found that teachers with a high sense of efficacy tend to have greater organization and planning 
skills, and are more likely to try new instructional methods and persist while learning them. Data 
in this study seems to support this idea. The two teachers with high efficacy ended up having the 
highest increase in changes in their classroom practices according to observation checklists.  In 
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addition, students with higher efficacious teachers outperform other students. Thus, high efficacy 
teachers may experience greater student success based on their instruction.  
Research from Guskey (1986) takes this one step further. He presented a model for 
change that was based on the belief that “significant change in teachers’ beliefs and attitudes is 
likely to take place only after changes in student outcomes are evidenced” (p.7). This study 
found some evidence to support this idea. During interviews, teachers commented on being able 
to see their students doing better and thus were more motivated to use student thinking in their 
instructional planning. One teacher commented that she felt her students were being much more 
successful with story problems after working with the coach. She said watching the coach and 
seeing her students being successful helped her to decide that she should be doing things like this 
in her class. Another comment along this line was, “Next year I will start this on day one because 
I see the value in it – my students are getting it”. It is possible that these instructional changes 
occurred because of the witnessed student outcomes mentioned by Guskey.  
Limitations of the study 
One of the main limitations to this study was the length of the project. The whole study 
was 3 months long and the professional development and coaching portion lasted approximately 
two months. Because of this, the pre and post test were completed very close together. Bringing 
about changes in beliefs and efficacy takes time, which is something that was lacking in this 
study. While changes in classroom practice were noted, there was a mixed set of data on changes 
in beliefs and efficacy. A longer study would help determine if in fact, the changes seen in the 
classroom persist and if these changes would ultimately bring about increases in efficacy and 
beliefs.  
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Another limitation of the study was the sample size. This study was conducted with one 
grade level of 5 teachers. While these teachers were representative of the school population in 
which they teach (see 9-grid in Chapter 4), the sample was not representative of all elementary 
grades levels. In addition to the small size of the sample, teachers in the study volunteered to 
participate. Therefore, it could be difficult to draw conclusions about the sample since by virtue 
of volunteering they may be more oriented toward change and to learning new methods.  
Instrument validity continues to be a problem in research on efficacy and beliefs. They 
instruments have been repeatedly revised to attempt to make this work but it may be that there is 
not an instrument valid enough to accurately measure changes in beliefs/efficacy that ultimately 
change practice. For instance, in this study, changes in efficacy were not found to be significant, 
yet changes were documented in actual practices during observations.  These mismatches seem 
to ask, “Can any instrument really get at the nuances of self-efficacy and beliefs?” 
Interviews included teachers’ self-reporting of information. While pre and post 
interviews were administered, both consisted of the teachers’ own self-reflections. While 
anonymity was assured to the participants, it is possible that teachers did not accurately self-
report due to fear of exposure.  
Observations conducted in this study provide a snapshot of a particular day and situation. 
Due to the small time frame of the study multiple observations were not possible. Therefore, 
only a pre observation, coaching observation, and post observation were conducted.   
Implications for Professional Development 
The effect on beliefs and changes in classroom instructional practices due to professional 
development combined with on-site coaching have not been as extensively discussed in research 
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literature as efficacy and beliefs. However, this study showed that there is possibly for changes 
in beliefs and practice because of professional development and coaching.  
Data from this study would suggest that professional development with coaching matters. 
Teachers self-reported that knowledge alone was “not enough” but having the coach work in 
their room with their students was powerful. They began to envision that this was something they 
could do. This brings to mind Bandura’s (1986,1977, 1997) social cognitive theory and how the 
sources of mastery experiences, verbal persuasion, vicarious experiences, and physiological 
arousal work to increase teacher efficacy.  
 As seen in this study, some teachers’ efficacy stayed the same or even went down, yet 
changes in practice still occurred.  It may be worthwhile then to look at these sources from 
Bandura’s work and their relationship to professional development with coaching. For example, 
the vicarious experience of the coach’s success helps teachers believe that they too can be 
successful. As the teachers are provided feedback from the coach, they begin to have mastery 
experiences themselves, where they perceive the teaching experience a success. Future research 
could look at how these experiences from Social Cognitive Theory could impact teachers to 
change practice in their classrooms regardless of efficacy.   
Implications for Future Research 
A great deal of literature on improving teaching quality and bringing about change in 
mathematics classrooms focus on veteran versus beginning teachers. According to this study, 
licensure and years of teaching do not seem to matter. Therefore, it might be advantageous in 
future research to focus on subject-matter knowledge without the distinction of beginning teacher 
versus veteran teacher.  
	   111	  
This study yielded interesting results related to efficacy and beliefs. The teachers who 
made the most significant shifts in their instructional practice had low beliefs as documented by 
the MBS (Fennema et al., 1990) but high-efficacy as documented by the SETMI (McGee, 2012). 
(It is noteworthy to mention that one of these teachers was a veteran teacher and the other was a 
beginning teacher.) All the other teachers in the study were either low or medium on beliefs 
(MBS) (Fennema et al., 1990) but medium on efficacy (SETMI) (McGee, 2012). 
So the question becomes, “Is there a sweet spot of sorts where teachers are ripe for 
change?  Consider the two teachers from this study who fell into this category. They were the 
only two teachers to show positive gains from the pre to post survey on the beliefs scale. In fact, 
one of them actually moved spots on the 9-grid from low to Medium on the MBS (Fennema et 
al., 1990).  They also demonstrated the highest increases (+1.66) on the Levels of Engagement 
with Student Thinking (Franke et al., 2001) as well as some of the highest increases (+1.4 and 
+1) according to the Math Talk Community Scale (Hufferd-Ackles et al., 2004).  Additionally, 
one of these teachers was the only teacher in the study who self-reported feeling more confident 
teaching mathematics at the post-interview.  
This data brings to mind a few possibilities to consider in future research. Does high 
efficacy allow teachers to try new things with confidence? Does a low belief on the MBS 
(Fennema et al., 1990) indicate more of a growth mindset rather than a fixed mindset, which 
allows for the possibility of something better needing to be considered? Since developing a 
reliable instrument to determine self-efficacy and beliefs has eluded researchers for decades, it 
may be worth trying instead to develop or use an existing instrument to measure a growth 
mindset versus a fixed mindset.  A study could then be conducted to measure changes in practice 
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after participating in professional development and coaching. Of interest would be which group 
(growth or fixed) demonstrated the most changes in practice.  
Another area for future research is this notion of realizing student success as a 
springboard for teacher changes in practice. This study touched on the idea of student success 
being a motivation for teachers to change beliefs and practices. While this study showed a 
possible link between the two, future studies may look at determining if this holds true for all 
kinds of professional development in elementary mathematics. Accessing school or district 
achievement data would be needed to determine actual achievement of students rather than 
solely relying on qualitative data from teachers, as was the case in this study.  
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APPENDIX A 
    PART A: Self-Efficacy for Teaching Mathematics Instrument (SETMI) 
Elementary Teacher Version 
Directions: Please choose the response that most closely matches your beliefs about teaching and 
learning.  
 
Hardly at All Very Little Somewhat Quite a Bit A Great Deal 
1 2 3 4 5 
 
 
1. To what extent can you motivate students who show low 
interest in mathematics? 
1 2 3 4 5 
2. To what extent can you help your students' value learning 
mathematics? 
1 2 3 4 5 
3. To what extent can you craft relevant questions for your 
students related to mathematics? 
1 2 3 4 5 
4. To what extent can you get your students to believe they can do 
well in mathematics? 
1 2 3 4 5 
5. To what extent can you use a variety of assessment strategies 
in mathematics? 
1 2 3 4 5 
6. To what extent can you provide an alternative explanation or 
example in mathematics when students are confused? 
1 2 3 4 5 
7. How well can you implement alternative teaching strategies 
for mathematics in your classroom? 
1 2 3 4 5 
 
How well can you teach students to…. 
8. Describe characteristics of Numbers (i.e. whole numbers, 
fractions, decimals) 
1 2 3 4 5 
9. Perform strategies for composing and decomposing numbers 
by manipulating place value in addition and subtraction 
1 2 3 4 5 
10. Perform strategies for composing and decomposing numbers 
by manipulating place value in multiplication and division 
1 2 3 4 5 
11. Express their reasoning 1 2 3 4 5 
12. Compare equivalence of fractions and decimals 1 2 3 4 5 
13. Interpret inverse relationships between operations (i.e.+,- 
and *,+) 
1 2 3 4 5 
14. Represent numbers on a number line 1 2 3 4 5 
15. Collect, plot and interpret data (on any type of graph) 1 2 3 4 5 
16. Measure area and perimeter 1 2 3 4 5 
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17. Move betw Move between enactive (unifix cubes) and  
iconic (i.e.var model) representations. 
 
1 2 3 4 5 
18. Identify a mistake in a completed solution 1 2 3 4 5 
19. Measure the length of objects 1 2 3 4 5 
20. Discover and create mathematical patterns 1 2 3 4 5 
21 Interpret variables in an algebraic equation 1 2 3 4 5 
22. Solve contextual word problems      
. 
Source:  McGee, 2012 
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APPENDIX B 
Part B: Mathematical Beliefs Scale 
A= Strongly Agree B= Agree C=Neither Agree or Disagree 
D=Disagree E=Strongly Disagree 
Choose the letter that best describes your response. 
1. Children should solve word problems before they master computational 
procedures. 
A B C D E 
2.  Teachers should encourage children to find their own solutions to math 
problems even if they are inefficient.  
A B C D E 
3.  Children should understand computational procedures before they spend 
much time practicing them.  
A B C D E 
4. Time should be spent solving simple word problems before children 
spend much time practicing computational procedures.  
A B C D E 
5. Teachers should teach exact procedures for solving word problems. A B C D E 
6. Children should understand the meaning of an operation before they 
memorize number facts.  
A B C D E 
7. The teacher should demonstrate solving simple word problems before 
children are allowed to solve simple word problems.  
A B C D E 
8. The use of key words is an effective way for children to solve word 
problems.  
A B C D E 
9. Mathematics should be presented to children so that they can discover 
relationships for themselves.  
A B C D E 
10. Even children who have not learned basic facts can have effective 
methods for solving problems.  
A B C D E 
11. It is important for a child to be a good listener in order to learn how to do 
mathematics.  
A B C D E 
12. Most young children can figure out a way to solve simple word problems.  A B C D E 
13. Children should have many informal experiences solving word problems 
before they are expected to memorize number facts.  
A B C D E 
14. An effective teacher demonstrates the right way to do a word problem.  A B C D E 
15. Children should be told to solve problems the way the teacher has taught 
them.  
A B C D E 
16. Most young children have to be shown how to solve simple word 
problems.  
A B C D E 
17. Children’s written answers to paper-and-pencil mathematical problems 
indicate their level of understanding.  
A B C D E 
18. The best way to teach problem solving is to show children how to solve 
one kind of problem at a time.  
A B C D E 
19. It is better to provide a variety of word problems for children to solve.  A B C D E 
20. Children learn mathematics best by figuring out for themselves the ways 
to find answers to word problems.  
A B C D E 
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21. Children usually can figure out for themselves how to solve simple word 
problems.  
A B C D E 
22. Recall of number facts should precede the development of an 
understanding of relation operation.  
A B C D E 
23. Children will not understand an operation until they have mastered some 
of the relevant number facts.  
A B C D E 
24. Most children cannot figure math out for themselves and must be 
explicitly taught.  
A B C D E 
25. Children should understand computational procedures before they master 
them.  
A B C D E 
26. Children learn math best by attending to the teacher’s explanations.  A B C D E 
27. It is important for a child to discover how to solve simple word problems 
for him/herself.  
A B C D E 
28. Children should be allowed to invent ways to solve simple word 
problems before the teacher demonstrates how to solve them.  
A B C D E 
29. Time should be spend practicing computational procedures before 
children are expected to understand the procedures.  
A B C D E 
30. The goals of instruction in mathematics are best achieved when students 
find their own methods for solving problems.  
A B C D E 
31. Allowing children to discuss their thinking helps them to make sense of 
mathematics.  
A B C D E 
32. Teachers should allow children who are having difficulty solving a word 
problem to continue to try to find a solution.  
A B C D E 
33. Children can figure out ways to solve many math problems without 
formal instruction.  
A B C D E 
34. Teachers should tell children who are having difficulty solving a word 
problem how to solve it.  
A B C D E 
35. Frequent drills on the basic facts are essential in order for children to 
learn them.  
A B C D E 
36. Most young children can figure out a way to solve many mathematical 
problems without adult help.  
A B C D E 
37. Teachers should allow children to figure out their own ways to solve 
simple word problems.  
A B C D E 
38. It is better to teach children how to solve one kind of word problem at a 
time.  
A B C D E 
39. Children should not solve simple word problems until they have mastered 
some number facts.  
A B C D E 
40. Children’s explanations of their solutions to problems are good indicators 
of their mathematical learning.  
A B C D E 
41. Given appropriate materials, children can create meaningful procedures 
for computation.  
A B C D E 
42. Time should be spent practicing computational procedures before 
children spend too much time solving problems.  
A B C D E 
43. Teachers should facilitate children’s inventions of ways to solve simple 
word problems.  
A B C D E 
44. It is important for a child to know how to follow directions to be a good A B C D E 
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problem-solver.  
45. To be successful in mathematics, a child must be a good listener.  A B C D E 
46. Children need explicit instruction on how to solve word problems.  A B C D E 
47. Children should master computational procedures before they are 
expected to understand how those procedures work.   
A B C D E 
48. Children learn mathematics best from teacher’s demonstrations and 
explanations.  
A B C D E 
 
Source: Fennema, Carpenter, & Loef, 1990 
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APPENDIX C 
Demographic Survey 
1. Is teaching your first career? 
 _____ Yes 
 _____ No 
2.  What is your highest level of education? 
 _____ Bachelors Degree 
 _____ Masters Student 
 _____ Masters Degree 
 _____ Doctoral Student 
 _____ Doctoral Degree 
 _____ Lateral Entry (not yet teaching certified) 
 _____ Advanced Degree (EdS) 
3.  How many years have you been teaching (including this year)? 
4. What type of certificate or license do you hold? Check all that apply. 
 _____ Provisional License 
 _____ Career Status 
 _____ Elementary Education 
 _____ Secondary Education 
 _____ Math Specialist 
 _____ Reading Certification 
 _____ Other (Please specify) 
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5. What grades have you taught? Select all that apply? 
 _____ PreK 
 _____ Kindergarten 
 _____ 1st Grade 
 _____ 2nd Grade 
 _____ 3rd Grade 
 _____ 4th Grade 
 _____ 5th Grade 
 _____ Middle School 
 _____ High School 
6. How long have you been teaching at this school (including this year)? 
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APPENDIX D 
Survey Information and Directions (Included at the beginning of the survey) 
 
IMPORTANT DISCLOSURE INFORMATION: 
1) This study is being conducted as part of a doctoral dissertation requirement. The data gathered 
in this study is designed to add to a body of research literature on the topic of Elementary 
Mathematics Education. Specifically, this study will be looking at the interplay between self-
efficacy/beliefs, mathematical content knowledge for teaching and student thinking.  
2) If you have any questions about the study please contact:  
Rhonda Sinquefield at 252-717-5546 or  
via email at sinquefr@live.unc.edu 
 
3) By participating in this survey you are under no obligation to participate in the study being 
offered. Participation for either the survey or the study is voluntary. If you decide to participate 
in the survey or study you are under no obligation to complete the survey or study and may 
withdraw from the survey or study at any time without penalty.  
4) Your name is collected at the end of this survey as written permission to use the data collected 
in Parts A, B, and C in a doctoral dissertation. At no time will your name be used in any form of 
publication.  
5) All information collected from all three parts of this survey will be kept on a secure server for 
identity protection.  
 
Directions: 
This survey will take approximately 10 – 15 minutes to complete. Please choose the letter 
response that most closely aligns with your way of thinking.  
The survey is broken down into three sections:’ 
Part A: Self –Efficacy for Teaching Mathematics Instrument (SETMI) 
 Answer choices on this part of the survey will range from: 
1) “Hardly at All” to 5) “A Great Deal” 
Part B: Mathematical Beliefs Scale (MBS) 
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 Answer choices on this part of the survey will range from:  
A) Strongly Agree to E) Strongly Disagree 
Part C: Demographic Questions 
 Answers on this part of the survey are collected regarding education and teaching  
 experience only. This data will be used for comparison purposes to determine trends  
 across grade level teaching, years of teaching and licensure areas.  
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APPENDIX E 
Interview Protocol 
Script: Thanks for talking with me today. The purpose of this interview is to learn more 
about your beliefs and feelings associated with teaching mathematics. I would like to record 
the interview for analysis purposes after we are finished. Would that be okay with you? 
 
1. Tell me how you feel about teaching math. Why? 
 a. Follow up question: On a scale of 1 to 10 (with 10 being very confident), how  
 confident do you feel teaching math? 
 
2. What subject do you like to teach the most and how is this, (if at all), different than teaching 
math? Why? 
 
3. What subject do you like to teach the least and how is this, (if at all), different than teaching  
 Math? Why? 
 
4. Tell me how you think student thinking reflects mathematics learning. Explain. 
 
5.  A. Which math topics are you most confident teaching? 
 B. Describe a lesson that introduces ___________________ (fill in one of the  
 Most confident topics listed in question 5A).  
 
6.  A. Which math topics are you least confident teaching? 
 B. Describe a lesson that introduces ___________________ (fill in one of the 
 The least confident topics listed in question 6A). 
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7. For the next part of the interview I am going to ask you to take a look at the felt board. On the 
left-hand side are phrases associated with teaching mathematics. As you choose a phrase you 
will put it in the sentence starter at the bottom left-hand side of the board. You will assign a 
number value (0-10) in terms of importance for helping students understand mathematics. The 
number values are displayed on the right-hand side of the board. (0= not very important, 5= 
moderately important, and 10= most important). Place the phrase in the corresponding location 
on the felt board to the number you assigned.  
 
*Record participant number value in the column on the right of the chart below during the 
interview as they talk about each phrase. 
The column on the left side of the board shows the 13 phrases. 
ACTION RATING (0-10) 
Engaging in problem solving  
Problems requiring multiple solution paths  
Providing direct instruction  
Teaching one skill at a time  
Students getting the correct answer  
The “process” for getting an answer  
Engaging in class/group discussion of solutions  
Students explaining their thinking  
Using the district pacing guide  
Teachers planning and anticipating student thinking  
Using manipulatives  
Using calculators  
Teaching algorithms  
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Question Starter Template: 
 
______________________________ 
(use one of the phrases from the side of the board to fill in the blank above) 
 
is/are a 
 
_______________________________ 
(fill in a number 0-10 using the key on the board as a reference) 
 
 
In terms of importance for helping students understand mathematics.  
 
 
*When interviewee is finished with the felt board, take a picture of the final product.  
 
 
 
Thank you so much for your time and for participating in this interview. Sometime in the 
coming week, I will be coming by during your math lesson to observe your math block.  
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APPENDIX F 
Levels of Engagement with Children’s Mathematical Thinking 
Classroom Teacher:  ____________________________ 
Component of Math Block:  Number Talks  Mini-Lesson  Guided Math Groups 
Level Teacher Activity Observation Notes 
Level 1 • 1a: Does not provide opportunities for 
solving problems 
• 1b: Does not ask students how they solved 
problems 
• 1c: Does not use students’ mathematical 
thinking in making instructional decisions 
 
Level 2 • 2a: Believes students can solve problems 
without being explicitly taught a strategy 
• 2b: Talks about value of variety of solutions 
and expands types of problems they use 
• 2c: Is inconsistent in beliefs and practices 
related to showing children how to solve 
problems 
• 2d: Permits issues other than students’ 
thinking to drive selection of problems and 
activities 
 
Level 3 • 3a: Provides variety of different problems for 
students to solve 
• 3b: Provides an opportunity for students to 
discuss their solutions 
• 3c: Listens to students talk about their 
thinking 
 
Level 
4a 
• 4a1: Provides opportunities for students to 
solve problems and elicits their thinking 
• 4a2: Describes in detail individual students’ 
mathematical thinking 
• 4a3: Uses knowledge of thinking of students 
as a group to make instructional decisions 
 
Level 
4b 
• 4b1: Creates opportunities to build student’s 
mathematical thinking 
• 4b2: Describes in detail individual students’ 
mathematical thinking 
• 4b3: Uses what he or she learns about 
individual students’ mathematical thinking to 
drive instruction 
 
 
Source: Franke, Carpneter, Levi, & Fennema, 2001 
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APPENDIX G 
Levels of Math Talk Learning Community: Teacher and Student Action Items 
Components of the Math Talk Learning Community 
Teacher Role Questioning 
Explaining 
Mathematical 
Thinking 
Mathematical 
Representations 
Building student 
responsibility within the 
community 
Overview of shift among Levels 0 – 3: The classroom community grows to support students’ acting in central or leading roles and shifts 
from a focus on answers to a focus on mathematical thinking 
Shift from teacher as leader 
of conversation to 
students/teacher as co-
leaders. 
Shift from teacher 
as questioner to 
students and teacher 
as questioners.  
Students 
increasingly explain 
and articulate their 
math ideas. 
Students increasingly explain 
their math thinking relying, 
as needed, on math 
drawings/representations.  
Students increasingly take 
responsibility for learning 
and evaluation of others 
and self. Math sense 
becomes the criterion for 
evaluation.  
Level 0: Traditional teacher directed classroom with brief answer responses from students 
Teacher is at the front of the 
room and dominates the 
conversation. 
Teacher is only 
questioner. 
Questions serve to 
keep students 
listening to teacher. 
Students give short 
answers and 
respond to teacher 
only.  
Teacher questions 
focus on correctness. 
Students provide 
short answer-
focused responses. 
Teacher may tell 
answers. 
Representations are missing 
or teacher shows them to 
students.  
Culture supports students 
keeping ideas to 
themselves or just 
providing answers when 
asked.  
Level 1: Teacher beginning to pursue student mathematical thinking. 
Teacher plays central role in the Math Talk Community. 
Teacher encourages sharing 
of math ideas and directs 
speaker to talk to the class, 
not to the teacher only. 
Teacher questions 
begin to focus on 
student thinking and 
les on answers. 
Only teacher asks 
questions.  
Teacher probes 
student thinking 
somewhat. One or 
two strategies may 
be elicited. Teacher 
may fill in an 
explanation. 
Students provide 
brief descriptions of 
their thinking in 
response to teacher 
probing.  
Students learn to create math 
drawings to depict 
mathematical thinking. 
Students feel their ideas 
are accepted by the 
classroom community. 
They begin to listen to 
each other supportively 
and to restate in their own 
words what another 
student said.  
Level 2: Teacher modeling and helping students build new roles. Some co-teaching and co-learning begins as student-to-student talk 
increases. Teacher physically begins to move to the side or back of the room. 
Teacher facilitates 
conversation between 
students, and encourages 
students to ask questions of 
one another.  
Teacher asks 
probing questions 
and facilitates some 
student-to-student 
talk. Students ask 
questions of one 
another with 
prompting from 
teacher.  
Teacher probes more 
deeply to learn about 
student thinking. 
Teacher elicits 
multiple strategies. 
Students respond to 
teacher probing and 
volunteer their 
thinking. Students 
begin to defend their 
answers.  
Students label their math 
drawings so others are able 
to follow their mathematical 
thinking.  
Students believe they are 
math learners and that 
their ideas and the ideas 
of classmates are 
important. They listen 
actively so that they can 
contribute significantly. 
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Level 3:  Teacher as co-teacher and co-learner. Teacher monitors all that occurs, still fully engaged. 
Teacher is ready to assist, but now in more peripheral and monitoring role (coach and assister). 
Students carry conversation 
themselves. Teacher only 
guides from the periphery of 
the conversation. Teacher 
waits for students to clarify 
thinking of others.  
Student-to-student 
talk is student 
initiated. Students 
ask questions and 
listen to responses. 
Many questions ask 
“why” and call for 
justification. 
Teacher questions 
may still guide 
discourse.  
Teacher follows 
student explanations 
closely. Teacher 
asks students to 
contrast strategies. 
Students defend and 
justify their answers 
with little prompting 
from the teacher.  
Students follow and help 
shape descriptions of others’ 
math thinking through math 
drawings and may suggest 
edits in others’ math 
drawings.  
Students believe they are 
math leaders and can help 
shape the thinking of 
others. They help shape 
others’ math thinking in 
supportive, collegial ways 
and accept the same.  
 
Source:  Hufferd-Ackles, Fuson, & Sherin, 2004 
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APPENDIX H 
Observation	  Protocol	  Level	  Assignment	  
Classroom	  Teacher:	  	  _________________________________	  
Levels	  of	  Engagement	  with	  Children’s	  Mathematical	  Thinking	  
Number	  Talks	   Mini-­‐Lesson	   Guided	  Math	  
Level	  1	   Level	  1	   Level	  1	  
Level	  2	   Level	  2	   Level	  2	  
Level	  3	   Level	  3	   Level	  3	  
Level	  4a	   Level	  4a	   Level	  4a	  
Level	  4b	   Level	  4b	   Level	  4b	  
	  
Levels	  of	  Math	  Talk	  Learning	  Community	  
	   Number	  Talks	   Mini-­‐Lesson	   Guided	  Math	  
Teacher	  Role	   Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Questioning	   Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Explaining	  Mathematical	  
Thinking	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Mathematical	  
Representations	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Building	  Student	  
Responsibility	  Within	  the	  
Community	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	  
Level	  0	  
Level	  1	  
Level	  2	  
Level	  3	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APPENDIX I 
Talk Moves Coaching/Observation Checklist 
 
Goals for Productive Discussions through Talk Moves 
Goal One: Help Students Clarify Their Own Thoughts Notes/Frequency of Use 
• Time to Think or Elaborate 
o Wait Time 
o Turn and Talk 
o Ask the Question Again 
o Can you say more? 
• Revoicing Strategies 
o So, let me see if I understand what you’re saying… 
o Are you saying? 
o I hear you saying… say more about that 
o Could you that again? 
o Can you give an example? 
 
 
Goal Two: Help Students Orient to the Thinking of Others Notes/Frequency of Use 
• Who Can Rephrase or Repeat? 
o Can someone rephrase or repeat that? 
o Could someone put that in their own words? 
o Who can restate what ____ said? 
o After a Turn and Talk, Please tell us what your partner said. 
 
 
Goal Three: Help Students Deepen their Own Understanding Notes/Frequency of Use 
• Press for Reasoning 
o Why do you think that? 
o What’s your evidence? 
o What convinced you that was the answer? 
o Why do you think that strategy would work? 
o How did you figure that out? 
 
 
Goal Four: Help Students Engage with Others’ Reasoning Notes/Frequency of Use 
• Prompt for Further Participation 
o What do other people think? 
o Do you agree or disagree and why? 
o Can you add on? Or Who can add on? 
o Does anyone have a different view? 
o What do you think about what ______ said?  
o Who thinks they can explain what _______ means? 
 
 
Source: Chapin, O’Connor, & Anderson, 2009 
 
 
	   130	  
REFERENCES 
Achieve3000. (2012). 10 steps for migrating your curriculum to the common core.  
 Retrieved from www.eschollnews.com/files/2012/03/ACH11c9-CommonCore-W1.pdf 
 
Allinder, R.M. (1994). The relationship between efficacy and the instructional practices of  
 special education teachers and consultants.  Teacher Education and Special Eduation, 
 17, 86-95. 
 
An, S., Kulm, G. & Wu, Z. (2004). The pedagogical content knowledge of middle school 
mathematics teachers in China and the U.S.  Journal of Mathematics Teacher 
Education, 7,145-172. 
 
Ball, D.L. (1991). Research on teaching mathematics: Making subject-matter knowledge part 
 of the equation. In J. Brophy (Ed.), Advances in research on teaching, (2, pp. 1-48). 
 Greenwich, CT: JAI Press Inc. 
 
Ball, D.L. (1993). With an eye on the mathematical horizon: Dilemmas of teaching elementary 
 school mathematics. Elementary School Journal, 93(4), 373-397. 
 
Ball, D.L. (2008). Improving mathematics learning: Where are we and where do we need to  
 head?, 1-10. Retieved from www.opportunityequation.org 
 
Ball, D.L., Hill, H.C., & Bass, H. (2005). Knowing mathematics for teaching: Who knows  
 mathematics well enough to teach third grade, and how can we decide? American 
 Educator, 29(1), 14-46. 
  
Ball, D.L., Lubienski, S.T., & Mewborn, D. (2001). Research on teaching mathematics: The 
unsolved problem of teachers’ mathematical knowledge.  In V. Richardson (Ed.), 
Handbook of research on teaching, (4th ed.,  pp.433-456), New York: Macmillan.  
 
Ball, D.L., Thames, M.H., & Phelps, G. (2008). Content knowledge for teaching: What makes 
 it special? Journal of Teacher Education, 59(5), 389-407.  
 
Bandura, A. (1977). Social learning theory. Englewood Cliffs, NJ: Prentice Hall. 
 
Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.  
 Englewood Cliffs, NJ: Prentice Hall.  
 
Bandura, A. (1997). Self-efficacy: The exercise of control. New York: W.H. Freeman. 
 
Battista, M.T. (2012). Cognition-based assessment & teaching of geometric shapes: Building 
 on students’ reasoning. Portsmouth, NH: Heinemann. 
 
Beswick, K. (2007). Teachers’ beliefs that matter in secondary mathematics education.  
 Educational Studies in Mathematics, 65, 95-120.  
 
	   131	  
Betz, N.E., & Hackett, G. (1983). The relationship of mathematics self-efficacy expectations to  
 the selection of science-based college majors. Journal of Vocational Behavior, 23,  
 329-345.  
 
Blanton, M.L. (2008). Algebra and the elementary classroom: Transforming thinking,  
 transforming practice. Portsmouth, NH: Heinemann.   
 
Brown, C.A. (1986). A study of the socialization to teaching of a beginning second mathematics 
 teacher,  Proceedings of Tenth International Psychology of Mathematics Education 
 conference, pp. 336-341 (London, Institute of Education).  
 
Campbell, P.F., & Malkus, N.N. (2014). The mathematical knowledge and beliefs of elementary 
 mathematics specialist-coaches. ZDM Mathematics Education, 46, 213-225.  
 
Carpenter, T.P. (1985). Learning to add and subtract: An exercise in problem solving.  
In E.A. Silver (Ed.), Teaching and Learning Mathematical Problem Solving: Multiple 
Research Perspectives. Hillsdale, NJ: Erlbaum. 
 
Carpenter, T.P., Ansell, E. and Levi, L. (2001). An alternative conception of teaching for  
 understanding: Case studies of two first-grade mathematics classes. In T.Wood,  
 B.S. Nelson, & J. Warfield (Eds.), Beyond Classical Pedagogy in Elementary  
 Mathematics: The Nature of Facilitative Teaching, (pp. 27-46), Mahway, NJ: Erlbaum. 
 
Carpenter, T.P., Fennema, E., Franke, M.L., Levi, L., & Empson, S. (1999). Children’s  
 Mathematics: Cognitively Guided Instruction. Heinemann: Portsmouth, NH. 
 
Carpenter, T.P.. Fennema, E., Franke, M.L., Levi, L., & Empson, S. (2015). Children’s 
Mathematics: Cognitively Guided Instruction. Heinemann: Portsmouth, NH. 
 
Carpenter, T.P., Fennema, E., Peterson, P.L., & Carey, D.A. (1988). Teachers pedagogical 
 content knowledge of student’s problem solving in elementary arithmetic. Journal for 
 Research in Mathematics Education, 19, 385-401. 
 
Carpenter, T.P., Fennema, E., Peterson, P.L., Chiang, C.P., & Loef, M. (1989). Using knowledge 
 of children’s mathematics thinking in classroom teaching: An experimental study. 
 American Educational Research Journal, 26(4), 499-531. 
 
Chapin, S.H., O’Connor, C., & Anderson, N.C. (2009).  Classroom discussions: Using math talk 
 to help students learn: Grades k-6. Sausalito, CA: Math Solutions.  
 
Cooney, T.J. (1985). A beginning teacher’s view of problem solving. Journal for Research in 
 Mathematics Education, 16, 324-366.  
 
Copur-Gencturk, Y. (2015). The effects of changes in mathematical knowledge on teaching: 
 A longitudinal study of teachers’ knowledge and instruction. Journal for research 
 in Mathematics Education, 46(3), 280-330.  
	   132	  
Darling-Hammond, L., & McLaughlin, M.W. (1995). Policies that support professional  
 development in an ear of reform. Phi Delta Kappan, 76(8), 597. 
 
Dewey, J. (1902). The child and the curriculum. Chicago: University of Chicago Press.  
 
Dewey, J. (1933). How we think. Boston: D.C. Heath.  
 
Ding, M. (2007). Knowing mathematics for teaching: A case study of teacher  
 responses to students’ errors and difficulties in teaching equivalent fractions. 
 Dissertation retrieved on May 31, 2015 from  
http://search.proquest.com.libproxy.lib.unc.edu/docview/304726599?pqorigsite=summon  
 
Empson, S.B., & Levi, L. (2011). Extending children’s mathematics fractions and 
decimals: Innovations in cognitively guided instruction. Portsmouth, NH: 
Heinemann. 
 
Enochs, L.F., Smith, P.L., & Huinker, D. (2000). Defining highly qualified teachers: What 
 does scientifically-based research actually tell us? Educational Researcher, 31, 13-25. 
 
Ernest, P. (1989). The knowledge, beliefs and attitudes of the mathematics teacher: A model.  
 Journal of Education for Teaching, 15(1), 13-33. 
 
Falkner, K.P., Levi, L. & Carpenter, T.P. (1999). Children’s understanding of equality: A  
 foundation for algebra. Teaching Children Mathematics, 6, 232-236.  
 
Fancella, P. (2010). The impact of cognitively guided instruction: A professional development  
 program on attitudes and beliefs toward mathematics. Dissertation retrieved on  
 May 20, 2105 from 
http://search.proquest.com.libproxy.lib.unc.edu/docview/821709659?pq-
origsite=summon 
 
Fennema, E., Carpenter, T.P., Franke, M.L., Levi, L., Jacobs, V., & Empson, S. (1996).  
 A longitudinal study of learning to use children’s thinking in mathematics instruction. 
 Journal for Research in Mathematics Education, 27, 403-434.  
 
Fennema, E., Carpenter, T.P., & Loef, M. (1990). Mathematics beliefs scales. Madison: 
 University of Wisconsin-Madison.  
 
Fennema, E., Carpenter, T.F. & Peterson, P. L. (1987). Cognitively guided instruction: The 
application of cognitive and instructional science to mathematics curriculum 
development. Developments in school mathematics education around the world, 397-417. 
 
Fennema, E. & Franke, M.L. (1992). Teacher’s knowledge and its impact. Handbook of 
 Research in Mathematics. 147-164. 
 
 
	   133	  
Franke, M.L., Carpenter, T.P., Levi, L., & Fennema, E. (2001) Capturing teachers’ generative 
 change: A follow-up study of professional development in mathematics.  American  
 Education Research Journal, 38, 653-687. 
 
Gearhart, M. (2007). Mathematics knowledge for teaching: Questions and constructs.  
 Measurement: Interdisciplinary Research and Perspectives, 5(2-3), 173-180. 
 
Gibson, S., & Dembo, M. (1984). Teacher efficacy: A construct validation. Journal of  
 Educational Psychology, 76, 569-582. 
 
Guskey , T.R. (1986). Staff development and the process of teacher change. Educational 
Researcher, 15(5), 5-12. 
 
Guskey, T.R. (1988). Teacher efficacy, self-concept, and attitudes toward the implementation 
 of instructional innovation. Teaching and Teacher Education, 4(1), 63-69. 
 
Handal, B., & Herrington, A. (2003). Mathematics teachers’ beliefs and curriculum reform.  
 Mathematics Education Research Journal, 15(1), 59-69.  
 
Henson, R.K. (2001). Teacher self-efficacy: Substantive implications and measurement  
 dilemmas. Retrieved 5/7/2015 from http://eric.ed.gov/?id=ED452208. 
 
Hill, H.C., Blunk, M.L., Charalambous, C.Y., Lewis, J.M., Phelps, G.C., Sleep, L., & Ball, D.L.  
 (2008). Mathematical knowledge for teaching and the mathematical quality of  
 instruction: An exploratory study. Cognition and Instruction, 26(4), 430-511.   
 
Hill, H.C., Rowan, B., & Ball, D.L. (2005). Effects of teachers’ mathematical knowledge for  
 teaching on student achievement. American Educational Research Association, 42(2), 
 371-406.   
 
Hill, H.C., Schilling, S.G., & Ball, D.L. (2004). Developing measures of teachers’ mathematical 
 knowledge for teaching. Elementary School Journal, 105(1), 11-30.  
 
Hoover, M. (2014). Commentary on section 1: Mounting progress on understanding 
mathematics teacher content knowledge. In Research Trends in Mathematics Teacher 
Education (pp. 83-90). Springer International Publishing. 
 
Hoy, A.W. (2000). Changes in teacher efficacy during the early years of teaching. Paper  
 Presented at the Annual meeting of the American Educational Research Association, 
 New Orleans.  
 
Hufferd-Ackles, K., Fuson, K.C., and Sherin, M.G. (2004). Describing levels and components of  
 a math talk community. Journal for Research in Mathematics Education, 81-116. 
 
Initiative, C.C.S.S. (2012). Implementing the common core state standards. Retrieved from 
 http://www.corestandards.org/in-the-states	  
	   134	  
Jacobs, V.R., Lamb, L.L.C., Phillipp, R.A. (2010). Professional noticing of children’s 
 mathematical thinking. Journal for Research in Mathematics Education, 41(2),  
 169-202.   
 
Jerald, C.D. (2007). Believing and achieving: Issue brief. Washington, DC: Center for 
 Comprehensive School Reform and Improvement.  
 
Johnson, E.B. (2011). U.S. economic future needs STEM education. National Math and  
 Science Initiative. Retrieved from 
http://nationalmathandscience.org/newsroom/article/us-economic-futureneeds-stem-
education 
 
Kranzler, J.H., & Pajares, F. (1997). An exploratory factor analysis of the mathematics self- 
 Efficacy scale revised. Measurement and Evaluation in Counseling and Development, 29, 
 215-228. 
 
Leatham, K.R. (2006). Viewing mathematics teachers’ beliefs as sensible systems. Journal of 
 Mathematics Teacher Education, 9, 91-102.  
 
Lips, D., & McNeill, J.B. (2009, April 15, 2009). A new approach to improving science,  
 Technology, engineering, and math education. Backgrounder,  1-10. 
 
Ma, L. (1999). Knowing and teaching elementary mathematics: Teachers’ understanding of 
 Fundamental mathematics in china and the united states. Mahwah, NJ: Lawrence 
 Erlbaum Associates.  
 
McGee, J.R. (2012). Developing and validating a new instrument to measure the self-efficacy 
 of elementary mathematics teachers. Dissertation retrieved 6/1/2015 from 
http://search.proquest.com.libproxy.lib.unc.edu/docview/1022054851?pq-
origsite=summon 
 
McGee, J.R., & Wang, C. (2014). Validity-supporting evidence of the self-efficacy for teaching 
 mathematics instrument. Journal of Psychoeducational Assessment, 32(5), 390-403. 
 
Mewborn, D. (2001). Teachers content knowledge, teacher education, and their effects on the 
 preparation of elementary teachers in the united states. Mathematics Teacher Education 
 and Development, 3, 28-36. 
 
Monk, D.H. (1994). Subject area preparation of secondary mathematics and science teachers and 
 student achievement. Economics of Education Review, 13(2), 125-145.    
 
National Center for Educational Statistics. (2010). Highlights from PISA 2009: Performance of 
U.S. 15-year-old students in reading, mathematics, and science literacy in an 
international context (NCES 2011004). Retrieved from 
http://nces.ed.gov/pubs2011004.pdf 
 
	   135	  
National Council of Teacher of Mathematics. (2000). Principles and Standards for School 
 Mathematics. Reston, VA: Author.  
 
National Governors’ Association Center for Best Practices & Council of Chief State 
School Officers. (2010). Common core state standards (Mathematics). Washington: 
DC: National Governors Association Center for Best Practices, Council of Chief State 
School Officers.  
 
National Research Council (2001). Adding it up: Helping children learn mathematics. In J. 
Kilpatrick, J. Swafford & B. Findell (Eds.), Mathematics learning Study Committee, 
 Center for Education, Division of Behavioral and Social Sciences and Education. 
Washington, DC: National Academy Press. 
 
Nespor, J. (1987). The role of beliefs in the practice of teaching. Journal of Curriculum Studies,  
 19, 317-328.  
 
North Carolina Department of Public Instruction (2015). Professional educator’s license. 
 Retrieved from http://www.ncpublicschools.org/licensure/ 
 
Obama, B. (2013). Obama’s 2013 state of the union address. Retrieved from 
http://www.nytimes.com/2013/02/13/us/politics/obamas-2013-state-of-the-union-
address.html?pagewanted=all&_r=0 
 
Pajares, F. (1992). Teachers’ beliefs and educational research: Cleaning up a messy construct. 
 Review of Educational Research, 62(3), 307-332.  
 
Pajares, F. (1997). Current directions in self-efficacy research. In M. Maehr & P.R. Pintrich  
 (Eds.), Advances in motivation and achievement (Vol. 10, pp.1-49). Greenwich, CT: 
 JAI Press.  
 
Peterson, P.L., Fennema, E., Carpenter, T.P., & Loef, M. (1989). Teachers’ pedagogical content 
 beliefs in mathematics. Cognition and Instruction, 6(1), 1-40.  
 
Philipp, R.A. (2007) Mathematics teacher beliefs and affect. In F.K. Lester (Ed.), Second 
 Handbook of Research on Mathematics Teaching and Learning (Vol. 1, pp. 257-315). 
 Charlotte, NC: Information Age Publishing.  
 
Protheroe, N. (2008). Teacher efficacy: What is it and does it matter? Retrieved 5/15/2015 from 
 http://www.naesp.org/resources/1/Principal/2008/M-Jp42.pdf 
 
Richardson, K. (2012). How children learn number concepts: A guide to the critical learning 
 phases. Wellingham, MA: Math Perspectives Teacher Development Center.  
 
Rotter, J.B. (1966). Generalized expectancies for internal versus external locus of reinforcement. 
 Psychological Monographs, 80, 1-28. 
 
	   136	  
Shulman, L.S. (1986). Those who understand: Knowledge growth in teaching. Educational 
 Researcher, 15(2), 4-14.  
 
Sigel, I.E. (1985). A conceptual analysis of beliefs. In I.E. Sigel (Ed.) Parental belief systems: 
 The psychological consequences for children. (pp. 345-371). Hillsdale, NJ: Erlbaum.  
 
Smith, M.S., & Stein, M.K. (2011). 5 practices for orchestrating productive mathematical 
 discussions. Thousand Oaks, CA: Corwin Press.   
 
Stein, M.K., & Wang, N.C. (1988). Teacher development and school improvement: The process 
 of teacher change. Teaching and Teacher Education, 4, 171-187. 
 
Stemhagen, K. (2011). Democracy and school math: Teacher belief-practice tensions and the  
 problem of empirical research on educational aims. Democracy and Education, 19(2),  
 1-13.  
 
Swackhamer, L.E. (2010). Measuring mathematics specific teacher efficacy: Can a global  
 Instrument produce valid results? Paper presented at the 2010 American Educational 
 Research Association Annual Meeting, Denver, CO.  
 
Thompson, A.G. (1984). The relationship of teachers’ conceptions of mathematics and  
 mathematics teaching to instructional practice. Educational Studies in Mathematics,  
 15. 105-127.  
 
Thompson, A.G. (1992). Teachers’ beliefs and conceptions: A synthesis of the research. In 
 D.A. Grouws (Ed.), Handbook of Research on Mathematics Teaching and Learning,  
 (pp. 127-146). New York: Macmillan. 
 
Tschannen-Moran, M., & McMaster, P. (2009). Sources of self-efficacy: Four professional  
 Development formats and their relationship to self-efficacy and implementation of a  
 new teaching strategy.  Elementary School Journal, 110(2), 228-245. 
 
Tschannen-Moran, M., & Woolfolk Hoy, A. (2007). The differential antecedents of self-efficacy 
 beliefs of novice and experienced teachers. Teaching and Teacher Education, 2, 944-956. 
 
Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W.K. (1998). Teacher efficacy: Its meaning  
 and measure. Review of Educational Research, 68, p. 208-209.  
 
Uswatte, D. (2013). A quantitative study of mathematics teaching self-efficacy and principal  
 instructional leadership in alabama elementary schools. Dissertation retrieved 05/05, 
 2015 from http://www.mhsl.uab.edu/dt/2013/Uswatte_uab_0005D_11204:pdf 
	  
White, J., & Dauksas, L. (2012). CCSM: Getting started in k- grade 2. Teaching Children  
 Mathematics, 18(7), 440-445. 
 
 
	   137	  
Wilkins, J.L.M. (2008). The relationship among elementary teachers’ content, knowledge,  
 attitudes, beliefs, and practices. Journal of Mathematics Education, 11(2), 139-164. 
 
Woolfolk Hoy, A., & Burke-Spero, R. (2005). Changes in teacher efficacy during the early years 
 of teaching: A comparison of four measure. Teaching and Teacher Education, 21,  
 343-356.  
 
Woolfolk, A.E., & Hoy, W.K. (1990). Prospective teachers’ sense of efficacy and beliefs about  
 control. Journal of Educational Psychology, 82(1), 81.  
 
	  
 
